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BETON AGGLOMERE. 



MORTAR. 

1. Calcareous mortar is compounded of one or more of the 
varieties of common lime, hydraulic lime, or hydraulic cement — 
natural or artificial — mixed with sand and water into a plastic 
condition. 

The degree of strength and hardness, and consequently the 
durability, attained by mortar in setting, is dependent on 
the quality of the lime or cement employed, the kind and quan- 
tity of sand, the method and degree of manipulation, and the 
position, with respect to moisture or dryness, in which it is 
subsequently placed. 

A mortar, of which the matrix is common lime only, will 
never harden under water, or to any considerable extent if kept 
in damp places, excluded from the air. A condition of con- 
stant humidity, on the contrary, is favorable to the indura- 
tion of all hydraulic mortars. 

CONCRETE OR BfiTON. 

2. These terms, by no means originally synonymous, have be- 
come almost strictly so by usage. As generally received and 
understood in modem practice, they apply to any mixture of 
mortar, generally hydraulic, with coarse materials, such as 
gravel, pebbles, shells, or fragments of tile, brick, or stone. 
Two or more of these coarse ingredients, or all of them, may 
be mixed together. 

The matrix of b^ton was formerly understood to possess hy- 
draulic energy, while that of concrete, being derived from com- 
mon lime, did not. A concrete, destitute of hydraulic energy, 
is seldom used in works of importance at the present day. 

As lime, or cement paste, or a combination of the two, 
is the cementing substance or matrix in mortar, so mortar 
itself occupies a similar relation to concrete or b^ton. The 
proportions of the ingredients, in either case, should be de- 
termined on the principle that the volume of maff-ix should 
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always be somewhat in excess of tJie volume of voids in the mate- 
rials to be united, the excess being added as a precaution 
against imperfect manipulation. 

BfeTON AGGLOMfiRfi. 

3. This name is given to a beton of very superior quality, or, 
more properly speaking, an artificial stone, of great strength 
and hardness, which has resulted from the experiments and 
researches, extending through many years, of M. Frangois 
Coignet, of Paris. 

The essential conditions which must be carefully observed in 
making this b^ton are as follows : 

First. Only materials of the first excellence of their kind, 
whether common or hydraulic lime, or hydraulic cement, can 
be used for the matrix. 

Second. The quantity of water must not exceed what is barely 
sufficient to convert the matrix into a stiff, viscous paste. 

Third. The matrix must be incorporated with the solid ingre- 
dients by a thorough and prolonged mixing or trituration, pro- 
ducing an artificial stone paste, decidedly incoherent in char- 
acter until compacted by pressure, in which every grain of sand 
and gravel is completely coated with a thin film of the paste. 
There must be no excess of paste when the matrix is common 
lime alone. With hydraulic lime this precaution is less im- 
portant, and with good cement it is unnecessary. 

Fourth. The b^ton or artificial stone is formed by thoroughly 
ramming the stone paste, in thin, successive layers, with iron- 
shod rammers. 

MATERIALS SUITABLE FOR BIStON AGGL0M:^RE. 

The materials employed in making this b^ton are as follows : 
4. Sand. — The sand should be as clean as that ordinarily 
required for mortar, for stone or brick masonry of good quality. 
Sand containing 5 or 6 per cent, of clay may be used without 
washing, for common work, by proportionally increasing the 
amount of matrix. Either fine or coarse sand will answer, or^ 
preferably, a mixture of both, containing gravel as large as a 
small pea, and even a small proportion of pebbles as large as 
a hazel nut. There is an advantage in mixing several sizes 
together, in such proportion as shall reduce the volume of voids 
to a minimum. Coarse sand makes a harder and stronger 
b^.ton than fine sand. The extremes to be avoided are a too 



BfiTON AGGLOM]gRfi. 9 

minute subdivision and weakening of the matrix, by the use of 
fine sand only, on the one hand, and an undue enlargement of 
the volume of voids, by the exclusive use of coarse sand, on the 

other. 

The silicious sands are considered the best, though all kinds 
are employed. When special results are desired in the way of 
strength, texture, or color, the sand should be selected accord- 
ingly. 

5. Common or fat lime. — The lime should be air-slaked, or, 
better still, it may be slaked by aspersion with the minimum 
quantity of water that will reduce it to an impalpable powder. 
It should be passed through a fine wire screen to exclude all 
lumps, and used within a day or two after slaking, or else kept 
in boxes or barrels protected from the atmosphere. 

It is scarcely practicable, under ordinary circumstances, to 
employ fat lime alone as the matrix of b^ton agglom^re, par- 
ticularly in monolithic constructions, in consequence of its 
tardv induration. Even when used in combination with 
hydraulic lime or cement it acts as a diluent. 

M. Coignet claims, with great confidence, if not with correct 
judgment, that good b^ton can be made with sand and fat lime 
alone, but it is not so employed in his artificial stone manufac- 
tory at St. Denis, ^id it is believed that all the works exe- 
cuted in b^ton by the company of which he is the head have 
contained hydraulic lime or cement. Attempts to make beton 
of even average quality, without good hydraulic ingredients, 
have failed in the United States ; and it is extremely doubt- 
ful whether any characteristic exj^ellence can be attained, after 
the lapse of wrecks or even months, by a mixture of this character. 

When a matrix of fat lime alone must be employed for want 
of a better material, the manipulation should be conducted with 
watchful care. The quantity of water must be limited strictly 
to what is necessary to convert the lime powder into a stiff 
paste; and of this paste only enough must be used to cover 
each grain of sand and gravel with a thin, impalpable coating. 
The other conditions of prolonged trituration and thorough 
ramming, already referred to, are common to all varieties of this 
b^ton. 

6. Hydraulic lime. — The most suitable limes are, like those 
of Theil, Seilley, and other localities in France, derived from 
the argillaceous limestones, in contradistinction to the magne- 
sian or argillo-magnesian varieties. These limestones contain 
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before burning from 15 to 25 per cent. — generally less than 20 
per cent.— of clay. After burning, the lime is slaked to powder 
by aspersion with water, and sifted to exclude unslaked lumps. 

Hydraulic lime cannot be considered an essential ingredient 
of b^ton agglom6r6, except in comparison with common lime. 
It may be altogether replaced by good hydraulic cement, or it 
may be used alone, or mixed with common lime, to the entire 
exclusion of cement. A stiff paste of this lime should set in 
the air in from ten to fifteen hours, and sustain a wire point 
one-twenty-fourth of an inch in diameter, loaded with one 
pound, in eighteen to twenty-four hours. Its energy, and 
therefore its value, varies directly with the amount of clay 
which it contains, which generally will not exceed 20 per cent, 
before burning, although it may reach 25 per cent. Beyond 
this point the burnt stone can seldom be reduced by slaking 
and becomes a cement. 

No hydraulic lime of this variety has ever been manufac- 
tured in the United States. It is not known that stone suit- 
able for it exists here. 

7. Among hydraulic limes, those of Theil and Seilley, France, 
may be assumed as of fair average quality. They have been 
extensively used in the works executed in b^ton agglom^r^, 
under the supervision of M. Coignet. * 

Theil lime alone sui)plied the matrix of the betons used in 
the construction of the light-house and jetties at Port Said, 
Egypt. Its light color renders it suitable for statuary and 
works of ornamentation, in which the delicate shades of gray 
and drab are desirable. 

8. Analysis of raw Theil limesone : 

Carbonate of lime 81.36 

Carbonate of magnesia 1.00 

Clay 14.90 

Oxide of iron 1.70 

Water and bitumen 1.10 

9. The Theil hydraulic lime, slaked to an impalpable powder, 
weighs 71J pounds to the struck United States bushel, when 
poured into the measure loosely ; and 84J pounds, if compacted 
by shaking and jarring. Under the same condition, the Seilley 
lime weighs 54 pounds and 66 pounds, respectively. These 
weights were carefully determined from average samples taken 
from cargoes received in New York. 

10. Portland Cement. — The heavy slow-setting Portland 
cements, natural or artificial, are the only ones suitable for beton 
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agglom^r^. They are manufactured extensively throughout 
Europe. Among the most noted works are those at Boulogne- 
Sur-Mer and Seilley, in France ; at Bieberich, Limburg, and 
Stettin, in Germany; at Dresden, in Saxony, and several in the 
neighborhood of London and Liverpool, England. 

This cement is produced by burning, with a heat of great in- 
tensity and duration, argillaceous limestones, containing from 20 
to 22 per cent, of clay, or an artificial mixture of carbonate of lime 
and clay in similar proportions, and then reducing the product 
to fine powder between millstones. In this condition its weight 
should not fall short of 101 pounds and will seldom exceed 128 
pounds to the bushel, poured in loosely and struck, without being 
shaken down or compacted. Between these limits additional 
weight may always be conferred in the burning, by augment- 
ing the intensity and duration of the heat; and both the 
tensile strength, and the time required to set, increase directly 
with the weight. For example, a Portland cement weighing 
100 pounds to the United States bushel, that will set in half an 
hour, and sustain when seven days old a tensile strain of 200 
pounds on a sectional area of one square inch, would have its 
time for setting increased to four or five hours, and its tensile 
strength to about 400 pounds, if burnt to weigh 124 pounds to 
the bushel. An increase in weight of 24 pounds to the bushel 
nearly doubles the ultimate tensile strength of Portland cement. 

When the matrix of b^ton agglom^r6 is Portland cement alone, 
it is customary to prolong the process of trituration, in order to 
retard the set ; or, if more convenient, the mixture may be 
passed through the mill twice or even three times, with an 
interval of an hour or more between each mixing. This course 
is specially desirable when the cement weighs less than 100 
pounds to the bushel, and is correspondingly quick-setting. 

TESTS FOB PORTLAND CEMENT. 

11. English test. — English engineers generally require that 
the cement shall be ground so fine that at least 90 per cent, of 
it shall pass a No. 30 wire sieve, of 36 wires to the lineal inch, 
and shall weigh not less than 106 pounds to the struck bushel, 
when loosely poured into the measure. When made into a stiff 
paste without sand, it should be cax)able of sustaining without 
rupture, a tensile strain of 400 pounds on a sectional area IJ 
inch square, or 2J square inches, (equal to 178 pounds to the 
sectional square inch,) seven days after being moulded, tlie 
sample being immersed six of these days in fresh water. 
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In some cases a weight per bushel of 110 pounds, and a ten- 
sile strength, at the age named, of 222 pounds per square inch, 
are required. 

12. French test. — ^The tests applied by French engineers 
are not difficult to fulfil, and are considerably below what a 
good Portland cement will sustain. The cement must be 
ground to a fine powder, so that not more than 10 per cent, will 
fail to pass a No. 35 wire cloth of 47 meshes to the lineal inch, 
and weigh when loosely poured into the measure not less than 
1,230 grammes to the litre, which is equal to about 97 pounds 
to the United States bushel. 

The test of strength is applied to a stiff mortar composed 
of what is equivalent to about 3J quarts of dry sand and lOJ 
quarts of cement powder, which, being mixed with fresh water 
and formed in a suitable mould, is at once immersed in water. 
At the end of five days it should sustain a tensile strain of 167 
pounds on a section of 2.48 square inches, equal to 67^ pounds 
to the sectional area of 1 square inch ; and at the end of 45 days, 
immersed in sea-water, the tensile strength to the square inch 
must not fall short of 142 pounds. 

The cement is required to be slow-setting. Should a stiff 
I)aste without sand sustain, in less than two hours, the point 
of a square needle, measuring 1 J millimetres (about j^^ of an 
inch) on the side, loaded to 3^^^ pounds, it is rejected. It is, 
however, required to support, without the least depression, the 
the same loaded needle at the expiration of ten hours. Samples 
from a cargo of Boulogne Portland cement, received in New 
York in July, 1870, weighed i 97 pounds to the United States 
bushel when poured loosely into the measure, and 127 pounds 
when well compacted by shaking. 

13. Grerman cement. — ^The standard Portland cements of 
Germany generally range in w^eight, w^hen poured loosely into 
the measure, from 90 to 100 pounds to the struck United States 
bushel. A sample from a lot of Stettin cement weighed 89 
Ijoundstothe bushel, loose, and 116 J pounds when well shaken. 
Another sample weighed 95 and 122 pounds respectively, simi- 
larly treated. 

14. Composition of Portland cement, (from analyses:) 

London Portland cement^ (artificial.) 



BovXogne Portland cement, (natural) 

Lirae 65.13 

Magnesia ^58 

Silica 20.42 

AlumiDa and small quantity of oxide 

of iron 13.87 

Sulphate of lime a trace. 



From Messrs. J. B. White dk Brothers. 

Lime 6a 11 

Silica : 20. 67 

Alumina 10. 43 

Oxideof iron 87 



BETON AGGLOMfiRfi. 



13 



MATERIALS NOT SUITABLE FOR B:6tON AGGLOM^RE. 

15. As a rule, all hj^draiilic cements produced at a low heat, 
whether derived from argillaceous or argillo-ma'guesian lime- 
stones, are light in weight and quick-setting, and never attain, 
when made into mortar or b6ton, more than 30 to 33 per cent, 
of the strength and hardness of Portland cement placed in 
similar circumstances. They are also greatly inferior to good 
hydraulic lime. This is true of all cements made at a low heat, 
including even those derived from limestones, that might, with 
proper burning, have yielded Portland cement. The celebrated 
Eoman cement, the twice-kilned artificial cements, the quick- 
setting French cement, like that of Yassy, and all the hydraulic 
cements manufactured at the present daj^ in the United States, 
belong to this category. They are incapable, under any known 
method or degree of manipulation, of producing a matrix suita- 
ble for b^ton agglom6r6 of good quality. These kinds of 
cement generally weigh, among the different varieties, from 65 
to 80 pounds to the United States bushel, poured in loosely, 
and from 80 to 93 pounds if compacted by shaking and jarring 
the measure. 

The weight of Eosendale cement per bushel is 67 pounds 
when loose, and 92 pounds when well shaken down. 

16. Analyses of light, quick-setting cements: 



Rosendale cement stone, (New York.) 

Carbonate of lime 46. 00 

Silica, clay, and insoluble silicates 27. 70 

Carbonate of magnesia 17. 76 

Alamina 2. 34 

Peroxide of iron 1. 26 

Snlph^iric acid 26 

Chlorides of potassium and sodium ... 4. 02 

Hygrometric water 22 

Loss 44 

100.00 



Cumberland cement stone,. (Maryland.) 

Carbonate of lime 41. 80 

Silica, clay, and insoluble silicates 24. 74 

Magnesia 4. 10 

Alumina 16. 74 

Peroxide of iron 6. 30 

Soda 4. 64 

Potash 1. 54 

Sulphuric acid 2. 22 

Hygrometric water 60 

Gain, (2.68) 102. 68 



Yaasy cement stone, (France.) 

Carbonate of lime 63. 8 

Silica 14. 

Alumina 5. 7 

Carbonate of iron 11. 6 

Carbonate of magnesia 1. 5 

Water and loss 3. 4 



100.00 



Balcony Falls stone, (Virginia.) 

.Lime 17.38 

Silica 34.22 

Alumina 7. 80 

Magnesia 9. 51 

Carbonic acid 30. 40 

Water and loss 69 



100.00 



For analyses of several other cements of this class, see Gillraore on Limes, 
&c.ypage 125. 
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THE INDURATION OF MORTARS. 

17. The setting or hardening of mortars, except so far as it is 
due in some degree to the absorption of carbonic acid from the 
atmosphere, is a species of crystallization induced when water is 
added to the compounds found in the kiln by the agency of heat. 

Mortars of common lime harden by the absorption of carbonic 
acid from the atmosphere, by which a sub-carbonate of lime is 
formed. The lime never takes up its full equivalent of carbonic 
acid. 

If the limestone be silicious, the calcination produces silicate 

of lime. 

Si O3 3 Ca O, 

which becomes hydrated by combining with six equivalents of 
water, producing hydrosilicate of lime, 

Si O3 3Ca 0+6 HO. 

If the carbonate of lime be in excess in the stone, the burnt 
product will contain both silicate of lime, and quicklime, or 
protoxide of calcium. 

It wiU slake to powder by the suffusion of water, if the quick- 
lime be present in sufficient quantity, producing a species of hy- 
draulic lime, of which the hydraulic energy will depend on the 
amount of silicate produced during the calcination. 

If the limestone be argillaceous — ^that is, if it contain alumina 
as well as silica — a ^calcination at a low heat produces both sili- 
cate and aluminate of lime. The latter becomes hydrated by 
taking six equivalents of water, and is then represented by the 

formula 

Al O3 3 Ca 0+6 HO. 

If the silica and alumina be present in the form of homoge- 
neous clay, and in suitable quantity, say less than 20 per cent., 
the burnt stone will slake, yielding hydraulic lime resembling 
more or less those of Seilley and Theil, France. If more than 
20 per cent, of clay be present, the lime will be so little in excess 
that the burnt stone may not slake, but must be reduced to 
powder by grinding. The result, if burnt at a low heat^ is light, 
quick-setting cement, like the Eoman. 

If this stone be burnt at a high heat, the reactions in the kiln 
are somewhat more complicated, particularly when the point 
of incipient vitrification is reached, a variable point, dependent 
in a great measure on the fluxes present in the stone. The com- 
pounds formed under these conditions, however, require but 



BfiTON AGGLOMJERfi. 15 

three equivalents of water for their hydration, their formulas 

being 

AI3 O3 3 Ca 0+3 HO, 

Si O3 3 Ca 0+3 HO. 

Herein lies the probable cause, in a great measure, of the supe- 
rior strength and hardness attained by Portland cement over 
the quick-setting varieties burnt at a low heat, in which the 
compounds take six equivalents of water to form hydrates. 

Magnesia plays an important part in the setting of mortars 
derived from the argillo-magnesian limestones, such as those 
which furnish the Eosendale cements. 

The magnesia, like the lime, appeals in the form of the car- 
bonate, (Mg O O2.) During the calcination the carbonic acid 
is driven off, leaving protoxide of magnesia, (Mg O,) which 
comports itself like lime, in the presence of silica and alumina, 
by forming silicate of magnesia and aluminate of magnesia. 

Si O3 3Mg O, 
AI2 O3 3 Mg O. 

These compounds become hydrated in the presence of water, 
and are pronounced by both Yicat and Chatoney to furnish 
gangs which resist the dissolving action of sea water better than 
the silicate and aluminate of lime. This statement is doubtless 
correct, for we know that all of those compounds, whether in 
air or water, absorbs carbonic acid, and pass to the condition 
of sub-carbonates ; and that the carbonite of lime is more solu- 
ble in water holding carbonic acid and certain organic acids of 
the soil, in solution, than the carbonate of magnesia. 

Hence cements derived from argillo-magnesian limestones 
are durable for constructions in the sea, unless other ingredi- 
ents introduce adverse conditiojQS. 

THE FABRICATION OF Bil^TONS AGGLOMiJ^Rl^S. 

18. Experience has repeatedly demonstrated, and they have 
become well recognized facts, that in order to obtain uniformly 
good b^ton or artificial stone, with sand, and either hydraulic 
lime or Portland cement, or both, it is necessary— 

First. To regulate, in a systematic manner, the amount of 
water employed in the manufacture thereof. 

Second. To obtain, with a minimum quantity of water, the 
cementing material or matrix in a state of plastic or viscous 
paste. 
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Third. To cause each grain of sand or gravel to be entirely 
lubricated with a thin film or coating of this paste 5 and 

Fourth. To bring each and every grain into close and inti- 
mate contact with those which surround it. 

It is also equally true, that the best results possible to be 
produced from any given materials will be attained when the 
above-named conditions are enforced. 

TREATMENT OF THE MATRIX. 

19. It is impossible to produce a cementing material, of suit- 
able quality for b6ton agglom^r^, by the ordinary methods and 
machinery used for making mortars ; for if we take the powder 
of hydraulic lime or Portland cement, and add the quantity of 
water necessary to convert it into a x)aste by the usual treat- 
ment, it will usually contain so much moisture, even after being 
incorporated with the sand, that it cannot be compacted by 
ramming, but will yield under the repeated blows of the ram- 
mer like jelly. If the quantity of water be reduced to that point 
which would render the mixture, with the usual treatment, sus- 
ceptible of being thoroughly compacted by rammers, much of 
the cementing substance will remain more or less inert, and will 
perform but indifferently well the functions of a, matrix. 

To prepare the matrix, there is taken of the hydraulic lime 
or cement powder, say one hundred parts, by measure, and of 
water from thirty to thirty-five or forty parts, which should be 
the smallest amount that will accomplish the object in view. 
These are introduced together into a suitable mill, acting upon 
the materials by both compression and friction, and are sub- 
jected to a thorough and prolonged trituration, until the result 
is a plastic, viscous, and sticky paste, of a peculiar character, in 
both its physical appearance and the manner in which it com- 
ports itself under the subsequent treatment with rammers. 
There would appear to be no mystery in this part of the process, 
yet the excellence of the b^ton agglom^r^ is greatly dependent 
on its proper execution. 

If too much water be used, the mixture cannot be suitably 
rammed; if too little, it will be deficient in strength. 

TREATMENT OF THE SAND. 

20. The sand should be deprived of surplus moisture, although 
it is not necessary that it be absolutely dry. A uniform state 
of moisture or dryness should be aimed at, in order that the 
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proper quantity of water may be added with certainty. With 
regard to the selection of the sand, nothing need be added to 
what has been said in paragraph 4. 

TRITURATION. 

21. The matrix in paste, and the sand, having been mixed to- 
gether in the desired proportions, (given hereafter,) are then 
introduced into a powerful mill, and subjected to a thorough and 
energetic trituration until, without the addition of more water, 
the paste presents the desired degree of homogeneity and plas- 
ticity. 

When, for any special purpose, it is desired to introduce into 
the mixture a quantity of Portland cement, in order to increase 
the hardness or the rapidity of induration, it had better be 
added during the process of trituration, mixed with the requi- 
site increment of water, so that after proper mixing the whole 
material will present the appearance of a short paste, or pasty 
powder, which is quite characteristic of this process of manip- 
ulation. 

In ordinary practice, when sand and hydraulic lime only are 
employed, it will be found to answer very well to mix the two 
together dry, with shovels, and then spread them out on the 
floor and sprinkle them with the requisite minimum amount of 
water. The dampened mixture is then shovelled into the mill 
and triturated, as already described. 

When a portion of Portland cement is used, it may also be 
incorporated with the other ingredients before the water is 
added, or introduced into the mixture in the mill, as may be 
preferred. 

When Portland alone is used for the matrix, the process is 
the same as when lime alone is used, except that the trituration 
should be more prolonged, especially if the cement be rather 
light and quick-setting. 

22. The market value of Portland cement per ton is gener- 
ally not far from double that of good hydraulic lime. Having 
both equally at command, the following proportions are em- 
ployed for divers purposes, according to circumstances and the 
quality of the materials : 



Sand, by volume 


6 
1 



5 

1 



4 
1 



5 

1 
i 


6 
1 


4 

1 

i 


4 
1 


5 
1 
1 


5 

1 

u 


5 

1 


Hydraulic lime in powder, by volume 

Portland cement in powder, by volume 
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It will rai^ely occur that the proportions given in the t\ro 
eoUuuns on the right of the above table need be used. They 
aiv suitable for ornamented blocks, requiring removal and 
handling a day or two after being made. 

23. It may sometimes happen that too much water has been 
inti^oduced in the pi'epanition of the paste. A proi>er correct- 
ive, in such case, is the introduction into the mDl of a suitable 
quantity of each of the ingredients, mixed together dry in the 
ixHiuinnl prt>portions. 

lU' employing none but white sand and the lighter-colored 
varieties of lime and cement, a stone closely imitating white 
marble may be made> while, by the introduction of colortng- 
matter into the paste, such as ochres, oxides, carbonates, &:c., 
or fVagmeuts of natural stones, any variations in shade or tex- 
ture may l>e lutnluced, from the most delicate buff and drab, to 
the darkest grays and browns. 

lu Si>me cases it may be found more convenient to measoie 
the ingredients directly into the mill, alternating with the 
ditfeivnt materials, in regular order, using for the purpose 
measures of various sizes, corresiK>ndiug with the required 
pr\H*^^^tions* 

When it is sj>ecially desirable to obtmn stone of the mai3d- 
mum degree of strength and hanlness, the }xi$te may be 
r^^turuetl a second or even a third time to the mill, but in all 
cases the mas;$ must be brought to the characteristic state of 
iuivhereut pasty powvler, or short paste. 

AGGLO>IKKATIOX* 

24. The materials, after being mixetl to a state of pasty pow> 
der, have t^ be aggU>menitevl in moulds, in order to beeome 

Wcou or artidcial stone. In other words, the grains of saLud 
aud gravel, each cv>ated all OAer with a thin tiliu of the 
matrix — entirely exhausting the matrix thereby — have to be 
brvHi^lit iutv> clocse ami iutiuiate cv>utact with each other* This 
is accvHupIisheil by ramiuing the xxjste in thin, saceessive layer*, 
in a moitld of the tv>nii and dituensioas lequixetl tW th^ sto<^« 
and muile s*> as to be i*af»al>le of sostitiuiug heavy pressure frooi 
witaitu and of beiag takea apart at j^easttrew 

luto this itt«,HiI«.L saptHHsinii it to be tV.>c a *!':*cached. baildia;r 
Mock* and hoc tor monoiitiiic ULisonry. a ^tuaiitity ^ the stone- 
paste cs durovoL wich a shoveL and s{.»read o<tt in a layer 6:oai 
Ij CO :i ixLcaes? thick. It is^ taea taorou^hly compacted, by the 
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repeated and systematic blows of an iron-shod rammer, until 
the stratum of material is reduced to about one-third its origi- 
nal thickness. When this is done, its surface is scratched or 
roughened up with an iron rake, in order to secure a perfect 
bond with the succeeding stratum, and more of the material is 
added and packed in the same manner. This process is con- 
tinued until the mould is full. The upper surface is then 
struck with a straight-edge, and smoothed off with a trowel, 
after which the full mould may at once be turned over on a 
bed of sand, and the bottom, side, and end pieces removed. 
The block is then finished. If small, such as one man can 
handle, it may be safely removed after one day. Larger pieces, 
like sills, lintels, steps, platforms, &c., should be allow^ed a 
longer time to harden, in consequence of their greater weight. 
In case of monolithic masonry, the moulds usually consist of a 
series of planks placed one above the other horizontally, and 
supported against exterior uprights, so arranged as to give the 
required form to the work under construction. These planks 
are raised up as the wall progresses, so that each day's work 
shall unite intimately with that of the previous day, producing 
a smooth and even surface, without joints, ridges, or marks of 
any kind. 

25. A characteristic property of this stone paste, when prop- 
erly mixed, is that it does not assume a jelly-like motion when 
rammed. 

Its degree of moisture must be precisely such that the effect 
of each blow of the rammer shall be distinct, local, and i)erma- 
nent, without disturbing the contiguous material compacted by 
previous blows. If it be too moist, the mass will shake like 
wet clay, and if it be too dry, it will break up around the ram- 
mer like sand. In either case the materials catinot be com- 
pacted and agglomerated in that manner and to that degree 
which is characteristic of, and peculiar to, b^ton agglomercS. 

26. In monolithic buildings of this b6ton, it is customary to 
construct all the flues, pipes, and other openings for heating 
and ventilating, and for conveying water, gas, and smoke, 
in the thickness of the wall, by using movable cores of the 
required size and form, around which the material is packed. 
As the work progresses the cores are moved up. 

Ornamental work of simple design may be placed upon the 
exterior of the building, by attaching the moulds to the plank- 
ing which gives form .to the wall. 
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More elaborate designs, especially if they are of bold relief, 
like cornices, and hoods for windows and doors, had better be 
moulded in detached pieces some days in advance, and hoisted 
into position when required. 

27. All kinds of. masonry in thin walls, whether of brick, 
stone, common concrete, or b^ton agglom^r^, are liable to crack 
from unequal settlement, or from the expansion and contraction 
due to ordinary changes of temperature. In houses, such 
cracks are more to be apprehended at the reentering angles of 
the exterior walls, and at the junctions of the exterior and par- 
tition walls, than elsewhere. In concrete or b^ton masonry, 
such cracks may be prevented in a great measure, without 
inconvenience and at a nominal cost, by imbedding and incor- 
porating in the work as it progresses^ at the angles and junc- 
tions referred to, pieces of old scrap-iron of irregular shape, 
such as bolts, rings, hooks, clamps, wire, &c. 

28. Any masonry of fair quality, constructed in large masses 
with special reference to inertia, whether to resist the thrusts 
of earthen embankments, the statical pressure of water, tho 
force of the cunent in running streams, or for any other pur- 
pose, possesses a degree of ultimate strength much greater 
than the usual factor of safety would require, and largely in 
excess of any strain that it would ever have to sustain. This 
excess of strength, or rather the material which confers it, may 
be readily saved in works built of b^ton agglom^r^, by leaving 
large hollows or voids in the heart of the wall, and filling them 
up with sand or heavy earth. 

Even if the voids remain unfilled, a hollow wall is more stable 
than a solid one containing the same quantity of material, for 
the reason that the moments of the forces which confer sta- 
bility are greater in the former than in the latter. 

MACHINERY AND IMPLEMENTS. 

29. All the machinery and appliances for making b^ton 
agglom^r^ are simple in character, and not liable to get out of 
order with use. 

They comprise, besides the necessary shovels and measures 
for handling and apportioning the ingredients, 

1. A machine for mixing the materials together. 

2. The means for conveying it, after mixing, to the place 

where it is to be used. 

3. Eammers for compacting the materials in the moulds. 

4. Moulds of the required form. 
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30. Mixing machine. — ^The first requiste is a machine that 
shall thoroughly and uniformly mix the ingredients together. 
It has been found in practice that a combined pressing and 
rolling motion secures the best results. 

31. The ordinary upright pug mill, modified in some of its de- 
tails, answers this purpose. It is cylindrical in ft)rm, made of 
boiler iron, and has a vertical revolving shaft in the axis, armed 
with horizontal radial arms or knives, arranged spirally around 
it. Other horizontal arms are attached to the inner surface of 
the cylinder, projecting out between the revolving arms, so as 
to subdivide the materials and aid the mixing. Tliree or four 
of the revolving arms, near the lower end of the shaft, are made 
warped, or helicoidal, like the blades of a screw-propeller, to 
press down as well as stir the mixture; and below these, revolv- 
ing near the floor or bottom of the mill, are three cycloidal arms, 
to force out the mixed materials at the side openings around the 
bottom, whence it is at once conveyed away for use. These 
openings are provided with cylindrical sliding gates, by means 
of which their area may be diminished, and the rapidity with 
which the material is expelled, retarded, whenever, for special 
purposes, a prolonged trituration is desirable. 

As the b^ton, ready for use, is ejected at the bottom, the 
cylinder is kept full by new material introduced at the top, a 
measure of cement, lime and sand, incorporated dry, alternating 
with a proportionate measure of water. 

In operating with mills of large capacity^ there is an advantage 
in conveying up the materials with an elevator discharging its 
buckets into an inclined shoot leading into the mouth of the 
cylinder. 

The requisite amount of water may be supplied by constant 
flow from a pipe. This amount must, however, be ascertained 
by trial, and will vary with the character and the proportions of 
the lime and cement used. 

In conducting extensive operations the mill should be worked 
by steam-power. 

32. The Oreyveldinger mortar mill is believed to be fully equal, 
if not superior, to the pug mill. It is an Archimedean screw, 
revolving in a cylindrical trough. The dry ingredients of the 
b^ton, having first been roughly mixed with shovels, are intro- 
duced at one end of the screw with the requisite amount of 
water, and after an interval of fifteen or twenty seconds issue 
from the other end in a condition of thoroughly mixed b^ton. 
When used for making common mortar, the screw may occupy 
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a liorizontal position, but for b^ton agglom^r^ it is better to 
have it set at an angle of about twenty -five degrees with the 
horizon, in order that the benefits of the trituration and pressure, 
develoi)ed in forcing the material up the inclined cylinder, may 
be secured. A convenient way of accomplishing this object is to 
mount the machine on wheels like a cart, as shown in Plate III. 

A mortar mill of this kind, set horizontally, of suitable size to 
be driven by a half-horse-power engine, can make 38y'^ cubic 
yards of mortar in ten hours, the force required to tend it being 
8 common laborers, I foreman, and 1 engineer. 

Estimating common labor at $1 70 per day, and the wages of 
engineer and foreman at $2 50 and $2, respectively, the cost of 
making mortar by this mill, including the coal, would be 48 
cents per cubic yard. The more thorough and prolonged tritu- 
ration required for b^ton agglom^r^, and the additional power 
expended in forcing the mixture up the inclined cylinder, would 
augment the cost about 10 j)er cent. 

33. The malazator. — Many advantages are claimed for a mill 
designed by M. Coignet, recently introduced in France, and em- 
ployed in mixing b^ton agglom^r^ for the works in and about 
Paris. It is called a malaxator, and consists of twin screws, 
having their helices interlocked, and turning and exerting their 
force in the same direction. This machine may be described 
as follows : (See Plate II.) 

A is the frame of the machine, having at the ui)per end the 
cross-pieces B, upon which are mounted the gearings, and at 
the lower part the cross-piece c c', upon which are fixed the rests 
or steps for the lower part of the helices to run in. 

D are the cores of the helices, upon which are fastened either 
continuous or interrupted blades S S S, forming the thread of 
the helix. Continuous blades are more generally used. 

K are wagon-wheels, mounted on an axle, which enable the 
machine to be transported thereon, and which, w^hen the ma- 
chine is in use, serve to maintain the malaxator at its proper 
inclination, (about twenty-five degrees.) The brace J is used to 
steady the malaxator. 

M N m N', gearings of any kind for giving motion to the 
helices, either by steam, horse-power, or hand-power; g, coni- 
cal sleeves or stoppers, adjustable upon the shafts D, for regu- 
lating the exodus of the artificial stone paste, and by retarding 
the same, increasing the pressure and malaxation of the paste 
in the part Q' of the machine. 



BfiTON AGGLOMfiRfi. 23 

Q, body of the malaxator, corresponding in shape and size to 
the helices. 

P, receiving chamber, where the materials enter the malaxator. 

T, sand hopper, with its adjustable register or gate f, and, 
when required, a sifting apparatus ; g', sliding gate, to allow 
of the drainage of the machine. 

S' S', feeding screws, working in the lower part of the two 
hoppers E' E', the one for lime, the other for sand, or any 
other material or substance to be introduced into the ar- 
tificial stone paste, and feeding the same to the chamber P ; 
r r' r" r"'^ pulleys, for chains or belts </, for transmitting the move- 
ment to the feeding screws S' S' ; %' t'\ spur-wheel and pinion, 
(changeable for others of different relative speed,) for regulating 
the exact amount of the two substances in the hoppers E' E', to 
be delivered, in so many turns of the helices, into the receiving 
chamber P. 

Z is a pipe for supplying the water, for which there is an 
overflow at W. The sand being drowned or fully saturated in 
a given proportion, by varying the overflow W, gives the i)roper 
amount of water for each turn of the helices. 

H are movable wooden shafts, which are placed in proper 
straps in the machine, and serve to hitch or harness a horse 
to the same when it has to be taken from one place to another, 
making it a perfect wagon. 

The advantages claimed for the malaxator are the following : 

First. The apparatus, having the receiving chamber P upon 
the ground, is fed easily, with little labor 5 and the part Q', or 
delivery, being elevated, allows of a wheelbarrow or basket 
being placed under to receive the artificial stone paste. This 
inclination also causes a more powerful malaxation, by retard- 
ing the progress of the matter, owing to the specific gravity. 

Second. The gearings are out of the way, away from sand, 
water, dust, &c. 

Third. The helices having their blades interlaid, their action 
upon th«3 materials is of quite a different character than when 
said helices are not thus conjugated. 

Fourth. The sand is gauged by a register. The lime and the 
hydraulic cement, the coloring matter, texture giver, or any 
other material used, may be also fed automically, and the 
machine once set by the inspector, the product is invariably 
the same, besides saving the labor of a hand whose trustwor- 
thiness is required to obtain good results. The continuous 
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introduction, by small and regular quantities, of the different 
substances, and the constant amount of water supplied to the 
sand, place the materials in the best of circumstances for pro- 
ducing, by proper action of the helices, an excellent result, 
difficult to attain if the component ingredients had been thrown 
in by shovel or basketfuls at a time. 

Two of these machines are in use in ISTew York, making b^ton 
agglom^re, and produce excellent results. They are operated 
without the hoppers W W or the feeding screws and pulleys 
connected therewith, the materials, (cement, lime, and sand,) 
roughly mixed together dry, being thrown directly into the 
hopper T. 

34. Rammers. — The rammers weigh from fifteen to twenty 
pounds, and are made by attaching blocks of hard wood to 
handles three and a half to four feet in length. They are plied 
in an upright position. The face is rectangular, measuring 
from two and a half to three inches by from seven to eight, and 
is covered with an iron plate. 

35. To transport the mixed b^ton to the work under con- 
struction, wheelbarrows, when admissible, arfe generally used. 
Buckets, baskets, or hods are required when it has to be carried 
up ladders or steep ascents. In extensive operations it could 
be hoisted by the power which drives the mill. 

36. The weights of the materials used in the original tables 
of this report are given below : 



Boulogne Portland cement, loosely measured 

Boulogne Portland cement, well shaken down 

German Portland cement, loosely measured 

Grerman Portland cement, well shaken down 

American Kosendale cement, loosely measured 

American Rosendale cement, well shaken down 

Theil hydraulic lime, loosely measured 

Theil hydraulic lime, well shaken down 

Seilley hydraulic lime, loosely measured ^ 

SeiUey hydraulic lime, well shaken down 

Glen's Falls, N. T., fat lime in powder, loosely measured. 
Glen's Falls, N. T., fat lime in powder, well shaken down. 

Coarse and fine pit sand, loosely measured, dry 

Coarse and fine pit sand, well shaken down 

The sand contained all sizes, up to 1-10 inch diameter. . . 

Coarse gravel and pebble, loosely measured 

Coarse gravel and pebble, well shaken down 



Per cubic foot. 



Pounds. 

775 to 87^ 

101 to 105* 
71.9 to 76i 
93| to 98 1-6 
54. 1 to 591 
. 71ito 74 1-6 
57i 
674 
43 
53 
29| 
37 
94i 
104i 



Per U.S. bushel. 



lOU 
1081 



Pounds, 
97 to 109 
127 to 131 
89 to 95 
116i^ to 122 
67 to 74 
89 to 92 
7U 
« 84i 
54 
66 
37i 
46 
117 
129 



126 
135 
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The gravel was screened from everything smaller than a pea, 
and contained all sizes from that up to a pigeon's egg. 

37. The relation existing between the weight and the tensile 
strength of Portland cement, already referred to, is shown in the 
following table, compiled from Mr. Grant's experiments in 
England. The principle that the strength increases with the 
weight has been quite thoroughly verified with Portland 
cements, recently made on a small scale in New York. The 
cements in the table contained no sand, were seven days old, 
(being the last six days in water,) and the sectional area of 
rupture was 2J square inches, reduced in table to 1 square inch. 

Table I. — (From Mr, GranVs experiments,) 

T£NSILB STRENGTH OF ENGLISH PORTLAND CEMENTS OP VARIOUS WEIGHTS, WITHOUT SAND. 



Weight of cement 
powder, loosely 
measured, per U. 
S. bushel. 


Tenfdle strength per 
square inch; blocks 
7 days old ; in water 
6 days. 


Weight of cement 
powder, per TJ. S. 
busheL 


Tensile strength per 
square inch ; blocks 
7 days old ; in water 
6 days. 


Poundt. 


Poundt. 


Pounds. 


Pounds. 


103 


236 


117 


319 


105 


290 


119 


286 


107 


311 


121 


363 


109 


308 


123 


338 


111 


312 


125 


408 


113 


330 


126 


406 


115 


315 











38. The following table shows the tensile strength of Boulogne 
Portland and American Rosendale cements, separately, and 
also when mixed together in various proportions without sand. 
The Portland weighed, to the United States bushel, 97 pounds 
when loose, and 127 pounds when compacted by shaking, and 
the Rosendale 67 pounds loose and 90 pounds compacted. The 
Bosendale cement was made by the Lawrenceville Cement Com- 
pany. The area of rupture was 2J square inches, reduced in 
the table to 1 square inch. The blocks were made with very 
little water and were rammed like b^ton agglom^r^. They were 
seven days old, having been six days in water. 
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The results given in Tables II and III are the averag'es 
obtained by testing several sami^les, generally four, of eacli 
particular mixture. 

40. In preparing the following table, some of the samples 
were mixed with a very small quantity of water, and ramnaed. 
into the mould, as described for making b^ton agglom^r^, while 
others were made plastic like ovei^tiff mason's mortar, and. 
pressed firmly into the mould with a trowel, care being taken 
in each case to render the mixture as compact as possible. 

The results indicate, with great prominence, the advantages 
of using but a small amount of water, and of thorough ramming.. 

The proportions of dry ingredients by weight only are given, 
the corresponding proportion by volume having been recorded 
in Table II and III. 



Table IV. — (From General GiUnwr^s experiments.) 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


Proportions of dry'ingredieiit,A, by weight. 

• 


How mixed and treated. 


9 

Tensile strength 
per sq. inch ; 
blocks 7 days 
old ; in water 
6 days. 


Portland cement. 1 : sand, i 


Like Mton agglom6r6. . . 
Like common mortar. . . 
Like b^ton aggloro6r6 . . 
Like common mortar. . . . 
Like b6ton agglom6r6 . . 

Like common mortar 

Like b6ton agglom6r6 . . . 
Like common mortar. . . 
Like b6ton agglom6r6 . . 

Like common mortar 

Like b^ton agglom6r6 . . 

Like common mortar 

Like b6ton agglom4r6 . . 

Like common mortar 

Like b^ton agglom6r6 . . 

Like common mortar 

Like b^ton agglom6r6 . . 
Like common mortar 


Poundt. 
377 

289 

320 

222 

244 

197 

179 

129 

138 

109 

66 

35 

39 

24 

96 

40 
129 

44 


Portland cement. 1 : sand. J 


Portland cement. 1 : sand, i - r -r.. 


Portland cement 1: sand. 4... 


Portland cement. 1 : sand. 1 


Portland cement. 1 : sand. 1 


Portland cement. 1 : sand. H 


Portland cement. 1 : sand. Ik 


Portland cement. I : sand 2 r 


Portland cement 1 : sand. 2 


Portland cement. 1 : sand o - 


Portland cement. 1 • sand. 6 


Portland cement. 1 • sand 8 


Portland cement 1 • sand 8 


Bosendale cement, 1 ; Portland cement, | 
Kosendale cement, 1 ; Portland cement, J 
Rosendale cement, 1 ; Portland cement, i 
Bosendale cement, 1 ; Portland cement, i 



41. Tensile strength of cements made by the Newark and 
Bosendale Cement Company, mixed with little water aiid 
rammed into moulds like beton agglom^rd. 
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Table V. — (From General Gillmor^a experiments.) 



PROPORTIONS FOR THE DRY INGREDIENTS. 


Tensile strength 










per square inch ; 


No. 


By weight. 

t 


By volume, loosely 
measured. 


By volume, well- 
shaken. 


1)locks 7 days 
old ; in water 6 
days. 








Pounds. 


1 


Rosendale cement, 






72 




pare. 








Q 


Bosendale cement, 
1 ; sand, 1. 






51 










3 


Bosendale cement, 


Bosendale cement, 1 ; 


Bosendale cement. 


40 




1 ; sand, 2. 


sand, 1. 2. 


1 ; sand, 1. 4. 




4 


Bosendale cement, 


Biksendale cement, 1 ; 


Bosendale cement, 


33 




1 ; sand, 3. 


sand, 1. 8. 


1 ; sand, 2. 




5 


Bosendale cement, 


Bosendale cement, 1; 


Bosendale cement, 


22 




1 ; sand, 4. 


sand, 2. 4. 


1 ; sand, 2. 8. 




6 


Bosendale cement, 


Bosendale cement, 1 ; 


Bosendale cement, 


(*) 




1 ; sand, 6. 


sand, 3. 6. 


1 ; sand, 4. 





* Less than 10 pounds. 

The mixtures used for Table Y were made with little water, 
and were in all respects manipulated and treated like b^ton 
agglom^r^, as far as this could be done by hand. The point 
arrived at was to use as much water as possible without ren- 
dering the compound so wet that it could not be thoroughly 
compacted by rammings. 

If water enough be used to make the mixtures plastic, like 
masons' mortar, the tensile strength is very greatly diminished, 
in proportion to the amount of water used. 

42. The Eosendale cements vary greatly in quality from time 
to time, depending on the greater or less care used in selecting 
the stone from the several layers as they are taken out of the 
quarry. 

It is only when special pains are taken in its manufacture 
that an article can be produced capable of sustaining a tensile 
strain of 70 pounds to the square inch upon blocks seven days 
old, made plastic like mortar, but without sand. 

When made and compacted like b^ton agglom^r^ the strength 
is about doubled. The average quality ranges considerably 
below this strength, sometimes as low indeed as 25 pounds to 
the square inch. All the several brands may reach both these 
limits in the course of a single season. A tensile strength of 
65 pounds to the square inch in seven days is seldom exceeded 
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by any of them, while, exceptionally, some are adulterated to 
a strength of only 18 pounds. 

Samples of Rosendale cement brought to the Kew York mar- 
ket during the same week in the month of August, 1870, by five 
different companies were tested with the results recorded below 
in Table VI. 

43. Tensile strength of several Eosendale cements, without 
sand, mixed to a stiff paste. 



Table VI. — (From General Gillmor^s experiments.) 





Tensile strenth per square 
inch; blocks seven days 
old ; in water six days. i 


Number one ...-. 


64 pounds. 

65 pounds. 
39 pounds. 

39 pounds. ] 
• 28 pounds. 


Number two 


Number three 


Number four 


Number five 





44. Tables II, III, IV, Y, and YI afford the means of com- 
paring the tensile strength of Portland cement, in various com- 
binations and under various conditions, with Eosendale cement 
similarly treated, the mixtures being in every case kept one 
day in the air and six days in water, and broken when seven 
days old. 

• 

The diagram, Plate Ij shows the progressive increase of 
strength with age of Portland cement mortars, compiled from 
trustworthy authority. 

It will be seen by inspection that the cements of the diagram 
Avere inferior, when seven days old, to those of Tables II and 
III, while they range between the strongest and weakest of 
those of Table I. 

45. The mortars which furnished the following table (Yll) 
were mixed in the summer of 1869, and were left in one of the 
casemates of Fort Tompkins, covered with sand, until fifteen 
months old, when they were broken. They were kept in a damp 
condition, but were never immersed in or wet with water. They 
therefore attained their age under circumstances not specially 
favorable to induration, and the results are not considered of 
great value. 
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The Portland cement weighed 98 pounds, the American 
cements 67 to 08 pounds, and the sand 114 pounds to the 
bushel, loosely measured. The lime was the common or fat 
lime from Glen's Falls, New York, and was slaked to a paste. 
The several mixtures were made up soft, like masons' mortar, 
and therefore could not be compacted by ramming, like b^ton 
agglom4r6. 

Table VII. — (From General Gillnwr^s experimenU,) 



No. 



1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Proportions of ingredients, by volume. 



I 

Boulogne Portland cement, without sand 

Delafield &, Baxter's Kosendale cement, without sand 

Bondurant & Ford's Louisville cement, without sand 

Coplay (Pennsylvania) cement, without sand 

Boulogne Portland cement, 1 ; sand, 1 

Boulogne Portland cement, 1 ; sand, 3 

Delafield & Baxter*s Rosendale cement, 1 ; sand, 1 

Delafield & Baxter's Kosendale cement, 1 ; sand, 3 

Bondurant & Ford's Louisville cement, 1 ; sand, 1 

Bondurant & Ford's Louisville- cement, 1 ; sand, 3 

Coplay (Pennsylvania) cement, 1 ; sand, 1 

Portland cement paste, 1 ; fat lime paste, 1 : of this mixture, 1 
volume ; of sand, 3 volumes. 

Delafield & Baxter's cement paste, 1 ; fat lime paste, 1 : of this 
mixture, 1 volume ; of sand, 3 volumes. 

Bondurant & Ford's cement paste, 1 ; fat lime paste, 1 : of this 
mixture, 1 volume ; of sand, 3 volumes. 

Coplay cement paste, 1 ; fat lime paste, 1 : of this mixture, 1 vol- 
ume ; of sand, 3 volumes. 



Tensile strength 
per square inch ; 
blocks 15 months 
old. 



Poundi. 
496 
154 
151 
139 
320 
160 
132 

63 
123 
"51 

81 

80 

39 
44 

31 



46. Some trials of artificial Portland cement, manufactured 
at Stettin, Germany, weighing 89 pounds to the United States 
bushel, loosely measured, and 122 pounds when well compacted 
by shaking, gave the results recorded in Table VIII. 
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47. All attempts to cheapen a matrix of Portland cement, by 
the substitution of common lime for a portion of the cement, 
result in a sacrifice of strength in proportion to the extent of 
the adulteration, and the ratio of loss is not materially changed 
by the increased induration due to age. This is specially true 
in thick walls or other large masses of masonry, of which the 
portion which hardens by desiccation, and the absorption of 
carbonic acid at the surface, forms but a small proportion of 
the entire mass. 

When, however, the matrix is cement alone, and the propor- 
tion of sand is so large that the grains are not all coated, and 
the voids not all filled or nearly so, increased strength of the 
mortar beton is secured by adding a small quantity of common 
lime. The result is that both the strength of the matrix and 
the porosity of the mixture are diminished. The aggregate 
volume, however, remains the same, while the section of rup- 
ture upon the same area, and the rupturing force, are both 
augmented. 

In other words, with large doses of sand and a cement mat- 
rix — for example, Avhen the volume of the sand exceeds five 
times that of the cement loosely measured — ^there is an advan- 
tage in increasing the volume of .the matrix at the expense of 
its strength, by adding common lime powder, within the limits 
generally of one-fourth of the weight, or eight-tenths of the 
volume, of the cement. 

48. The following table shows the effect which common lime 
powder, added to Boulogne Portland, cement, has upon the 
tensile strength of blocks one week old. The materials were 
mixed together with a small amount of water, as much, how- 
ever, as they would take without becoming plastic. The mix- 
ture was firmly compacted in the moulds by ramming. 

3 
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Table IX. — (From General Gillmore'a experimenia.) 



FROPOtlTIONB OF TBB DRY INGRBDIEKT8. 



No. 



By weight. 



1 
3 

3 

4 
5 



-. 



Portland 
Portland 
Common 
Portland 
Common 
Portland 
Common 
Portland 
Common 



cement, neat . . . 

cement, 1 

lime powder, J. 

coraent, 1 

lime x)owder, i. 

cement, 1 

lime powder, ^ . 

cement, 1 

lime powder, J. 



By volume, loosely measured. 



Tensile strength 
per sq. inch ; 
blocks 7 days 
old; in "water 
5 days. 






Portland cement, 1 i 

Common lime powder, 0. 4 . . . i 

Portland cement, 1 \ 

Common lime powder, 0. 8 . . . i 

Portland cement, 1 i 

Common lime powder, 1, 6. . . t 

Portland cement, 1 ^ 

Common lime jwwder, 2. 4 . . . i 



Pounds. 

481* 

291 
281 
176 
132 



Portland cement rarely attains this strength in seven days. 



49. Strength of English Portland cement to resist compres- 
sion ; from trials with bricks 2f inches thick, 9 inches long, and 
4J inches wide; area under pressure, 9 inches x 4J inches, 
equal to an area of 38^ inches. 

Table X. — (From Mr. GranVs experiments,) 



Proportions. 


Age of bricks. 


Total crush- 
ing weight. 


Crushing weight 
per square inch. 




Tom. 


Pounds. 


Neat cement 


3 months 


65 


3,806.5 


1 volume cement, 1 volume sand 


3 months 


43 


2, 518. 3 


1 volume cement, 2 volumes sand 


3 months 


34 


1, 991. 2 


1 volume cement, 3 volumes san4 


3 months 


24 


1, 405. 6 


1 volume cement, 4 volumes sand 


3 months 


23 


1, 347. 


1 volume cement, 5 volumes sand 


B months 


16 


938.0 


Neat cement 


6 months 


92 


5,388.0 
3,455.3 


1 volume cement, 1 volume sand 


6 months 


59 


1 volume cement, 2 volumes sand 


6 months 


47 


2,752.6 


1 volume cement, 3 volumes sand 


6 months 


37 


2, 167. 


1 volume cement, 4 volumes sand 


6 months 


31 


1, 815. 5 


1 volume cement, 5 volumes sand 


6 months 


26 


1,522.7 


Neat cement 


9 months 


102 


5, 973. 6 


1 volume cement, 1 volume sand 


9 months 


78 


4, 568. 


1 volume cement, 2 volumes sand 


9 months 


62 


3, 631. 


1 volume cement, 3 volumes sand 


9 months 


41 


2, 401. 2 


1 volume cement, 4 volumes sand 


9 months 


3d 


2,225.5 


1 volume cement, 5 volumes sand 


9 months 

• 


29 


1, 698. 4 
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The foregoing table (Table X) is defective in that it does 
not give the weight of the cement employed in the trials. 

The tensile strength of Portland cements, as already stated, 
may be doubled by a judicious increase of the intensity of the 
heat in burning, and the presumption, is that their capacity to 
resist compression may be augmented, possibly to as great a 
degree, by the same means. 

50. The strength of Boulogne Portland, and American Eosen- 
da,le cements to resist compression is shown in the foUowing 
table, from tests applied to blocks 3J inches wide, 5^ inches long, 
and 3 inches thick, the area under pressure being 19^ square 

The Portland cement weighed 127 pounds, and the Kosendale 
92 pounds to the United States bushel, both being well com- 
pacted by shaking. When tested, the blocks were seven days 
Old having been six days in water. Some of them were made 
with little water and thoroaghly rammed, like bdton agglom^r^ ; 
others were treated like over-stiff masons' mortar, firmly pressed 
into the moulds with a trowel. 

The Eosendale cement was manufactured by Messrs. Delafield 
& Baxter, at High Palls, Ulster County, New York. 
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Remarks on the trials which fuimjished the Table XL 

The blocks were crushed in a hydraulic press. They rested upon a thin 
layer of dry sand, in order to secure a better bearing. Sand was also spread 
evenly over the top surface of each block. Owing to inaccuracies in their 
form, and inequalities in the bearing surface, the tendency of the strain, 
when first applied, was to break the blocks transversely, long before the 
ultimate crushing weight was reached. In practice it is almost as difficult 
to guard against the error thus introduced as it is to compute its value. 
The circumstances attending the trials are therefore recorded as they 
occurred, as follows : 

No. 1. Cracked in two at 5,000 pounds, and crushed into several pieces at 
14,000 pounds. 

No. 2. Crushed into several pieces at 2,000 pounds. 

No. 3. One transverse crack at 35,000 pounds, dividing the block into two 
pieces. Another crack at 55,000 pounds through one of the pieces. No more 
pressure could be produced by the machine. The block was removed in 
three solid pieces, but was not crushed. 

No. 4. Cracked at 38,000 pounds, and crushed into several pieces at 50,000 
pounds. 

No. 5. Cracked at 3,000 i)0unds, and crushed into many pieces at 6,000 
pounds. 

No. 6. Cracked at 600 pounds, and crushed at 1,000 pounds. 

No. 7. Cracked at 32,000 pounds, and crushed at 54,000 pounds : one piece 
being about one-third the volume of the entire block. 

No. 8. Cracked at 10,000 pounds, and went into pieces at 20,000 pounds. 

No. 9. Crushed into many pieces at 2,200 pounds. 

No. 10. Crushed into many pieces at 1,200 pounds. 

No. 11. One crack at 8,000 pounds, another at 26,000 pounds, and crushed 
suddenly into five pieces at 28,000 pounds. 

No. 12. One crack at 12,000 pounds, another at 17,000 pounds, and crushed 
At 19,000 pounds. 

No. 13. One crack at 1,000 pounds, and crushed at 3,000 pounds. 

No. 15. One crack at 7,000 pounds, another at 13,000 pounds, and crushed 
into many pieces at 18,000 pounds. 

No. 16. Cracked at 9,000 pounds, and crushed into many pieces at 14,000 
pounds. 

No. 17. Crushed into small pieces at 1,000 pounds. 

No. 19. Crushed into pieces at 10,000 pounds. 

No. 20. Crushed into pieces at 5,000 pounds. 

No. 21. Crushed into pieces at 9,000 pounds. 

No. 23. Crushed into pieces at 5,000 pounds. 

No. 24. Crushed into pieces at 2,000 pounds. 

51. The foUowiDg table (XII) shows the strength to resist com- 
pression, of beton or concrete composed of cement, sand, gravel, 
and pebbles. The gravel and pebbles were procured by screen- 
ing gravel from the sea-shore so as to remove everything smaller 
than one-eighth to one-sixth of an inch in diameter. It varied 
from the size of a pea to that of a pigeon's egg^ and weighed 
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126 ]>ouiids to the even United States bushel, loosely measured, 
and 135 pounds when well compacted by shaking. The cements 
and sand were of the same quality used in the former ta<l3les. 
The concrete blocks were formed by first incorporating the dry 
cement with the dry sand, and then adding sufficient water to 
convert the mixture into an over-stiff mortar. The mortar and 
gravel were then put into a cylindrical wooden bucket, w^ith a 
close-fitting top, and mixed together by prolonged shaking, 
the bucket being revolved repeatedly during the operation, 
after which the concrete was rammed into moulds and left for 
twenty-four hours to harden. The blocks were never immersed 
in water, but were wet with a sponge every day, and crushed 
when ten days old. 
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Table XIL — (From General Gillmore^s experiments.) 



No. 



SIZEOFBLOCKB 



Proportions of the dry ingredi- ! 
ents, by volume. \ 



5 



( Boulogne Portland cement . . 

isand '. 

i Coarse gravel and pebbles. . 
I Boulogne Portland cement. . 

J Sand 

i Coarse gravel and pebbles. . 
r Boulogne Portland cement. . 



I 



Sand 

Coarse gravel and pebbles. 
( Boulogne Portland cement . 

I Sand 

[ Coarse gravel and pebbles. 
( Boulogne Portland cement . 

<!saud 

[ Coarse gravel and pebbles. 



{ Boulogne Portland cemeut. 



\ Sand. 



8 



10 



11 



1 Coarse gravel and pebbles, 
f Boulogne Portland cement. 

J Sand 

i Coarse gravel and pebbles, 
r Norton's Rosendale cement 

isand 

i Coarse gravel and pebbles, 
r Norton's Kosendale cement 

isand 

i Coarse gravel and pebbles. 

Norton's Rosendale cement 
< Sand 

. Coarse gravel and pebbles, 
r Norton's Rosendale cement 

isand 

i Coarse gravel and jjebbles. 




Crushing weight per 

square inch, in pounds. 

Blocks 10 days old. 



452 
494 

294 
388 

367 
420 

452 
347 

306 
245 
218 

367 
239 

265 
237 
303 



293, (av'geof2trial8.) 



114, (av'ge of 3 trials.) 



121, (av'ge of 4 trials.) 



71, (high 'st of 2 trials.) 



PROPERTIES OF Bl^TON AGGL0MISR15. 

STRENGTH. 

52. The most trustworthy report hitherto published upon the 
strength of beton agglom^re to resist a crushing weight, is that 
of Mr. P. Michelot, iug^nieur-in-chef des Fonts et Chauss^es, 
from experiments made at the Conservatoire Imperial des Arts 
et Metiers, France, in July, 1864. 

The results of these trials are given in the following table. 
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Table XIII. 



Date of fab- 
rication 

and age of 
samples. 



Composition of tlio samples in volumes 
of ingredients. 



DIMENSIONS 

OF SAMPLES, 

IN INCHES. 



1* 

Feb., 1862, 

30 months. 

2* 
Jan., 1862, 

31 months. 

3* 
Jan., Ifi62, 
31 months. 

4* 
Feb., 1863, 
18 months. 

5 
Feb., 1862, 
30 months. 

6 
Nov., 1862, 
21 months. 

7* 
Nov., 1862, 
21 months. 

8* 
Nov., 1862, 
21 months. 

9* 
May, 1863, 
15 months. 

10* 
May, 1863, 
15 months. 



{River sand 4 
Hydraulic lime of Argentieul 1 
Cement, (Schacher & Letellier) ^ 

{Coarse river sand 5 
Hydraulic lime of Argentieul 1 
Cement,' (as above) I 

{River sand 5 
Hydraulic lime of Argentieul 1 
Cement, (as above) ^ 

Sand 5 

Lime, (as above) 1 

Cement, (as above) 1 

r Coarse sand 4 

< Lime, (hydraulic,) of Theil 1 

[ Portland cement, (Boulogne) i 

( Mixed sand 4 

I Hydraulic lime of Theil 1 

I Boulogne Portland cement | 

( Coarse sand, washed 4 

I Hydraulic lime of Argentieul I 

i Boulogne Portland cement | 

( Coarse sand, washed 4 

< Hydraulic lime of Argentieul 1 

[ Portland c'mt, (Schacher & Letellier) | 

{Sand of Vesinet 4 
Hydraulic lime of Argentieul 1 
Hydraulic c'mt, (Schacher &. Letellier) i 

Sand of Vesinet 4 

Hydraulic lime of Argentieul 1 

Hydraulic c'mt, (Schacher & Letellier) J 






CRUSHING 
STRENGTH, IN 
POUNDS. 



V^ Total 



Lbs. 



130 



2i 



28, 240 
37, 744 

46, 641 



3 2 3i 130 24, 893 1 4, 172 



1 



4 3i 4 142 72,458i 5,650 



3 2i 3i 146 



3i 




34, 639 i 4,040 



3 141 48,019 



46, 875 
50,110 



7,176 
7,495 

5,549 



140 I 33, 4671 5, 364 



3i 133 1 23, 462 



2,682 



139 23, 052 2, 634 



Explanation of Table XIII. 

The samples marked thus (*) are pieces of blocks previously broken by a 
tensile strain, and have the form of the letter T C[p, and the double numbers 
in the columns of length and breadth indicate the dimensions of the two 
rectangles composing the total area under compression. 

No. 1. Fissured. This b<^ton was the same composition as that used in the 
vaults of the city barracks, Paris. 

No. 2. The small lateral prism was first crushed. The other resisted the 
pressure, but was wrenched by having an unequal bearing. 

No. 3. One of the lower angles of the sample was imperfect, having been 
injured before the trial. 

Nos. 9 and 10 were of the same composition as the b6ton used in the 
church of Vesinet. 
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53. The blocks which furnished the following table were 
crushed in November, 1870. They were cut from sills, stei)S, 
platforms, &c., that had been exposed to the weather from the 
time they were made. During warm dry weather they were 
wet every day with a hose. 

1'able XIV. — (From General Gillmore'a experiments.) 



No, 



Composition of sample.H in vol- 
umes oflngredients. 



5 



6 



I 



1 



10 



11 



12 



r Pit sand 5 

< Hydraulic lime of Seilley 1 

[Boulogne Portland cement.. IJ^ 

f Pit sand 5 

' Hydraulic lime of Seilley 1 

Boulogne Portland cement.. 1 J 
( Pit sand 5 

< Hydraulic lime of Seilley 1 

(Boulogne Portland cement.. IJ 
fPit sand 5 

< Hydraulic lime of Seilley. . . .1 
(.Boulogne Portland cement. .1^ 

( Pit sand 5 

I Hydraulic lime of Seilley 1 

Boulogne Portland cement. .1 
f Pit sand 5 

< Hydraulic lime of Seilley 1 

[ Boulogne Portland cement. .1 

Pit sand 5 

Hydraulic lime of Seilley 1 

Boulogne Portland cement.. 1 

{Pit sand 5 
Hydraulic lime of Seilley 1 
Boulogne Portland cement.. 1 
rPitsand 5 

< Hydraulic lime of Seilley 1 

[Boulogne Portland cement.. 1 
f Pit sand 5 

< Hydraulic lime of Seilley 1 

I Boulogne Portland cement.. ^ 
rPit sand 5 

< Hydraulic lime of Seilley 1 

I Boulogne Portland cement.. J 

iPit sand 5 
Hydraulic lime of Seilley 1 
Boulogne Portland cement. .^ 



dimensions of 
Samples. 



Age of 
sampl's. 



fee 









• 


« 


bO 


1 

PQ 





Months. 1 In. 



2 I 



3 



•4i 



4i 



4i 



In. 



In. 



3 



P 






CUU8HING 

STKESOTH, IN 

POUNDS. 



Total. 




19,000 



18,000 



27, 000 



32,000 



22,000 



26, 000 



34,000 



31, 000 



28,000 



18, 000 



17, 000 



23,000 



1,583J 



1,500 



1, 687J 



2,000 



l,833i 



1,625 



2,125 



1, 937J 



1,750 



1,500 



1, 416| 



1,437* 
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54. Resistance to crushing of bricks and natural stone. (Prom 
Professor Eankine's tables and other trustworthy sources.) 



Table XV. 



Materials. 



Brick, weak red 

Brick, strong red 

Brick, vfirst quality hard 

Brick, fire 

Chalk 

Granite, Patapsco 

Granite, Quincy 

Marble, Montgomery County, Pennsylvania 

Limestone, granular 

Limestone, marble 

Sandstone, strong 

Sandstone, ordinary 

Sandstone, Connecticut 

Caen stone 



Crushing weight 

per square inch, 

in pounds. 

550 to 800 

1,100 

2, 000 to 4, 368 

1,700 

330 

5,340 

15, 300 

8,950 

4, 000 to 4, 500 

5, 500 

^ 5,500 

3, 300 to 4, 400 

3,319 

1,088 



DURABILITY. 

55. ConBtructions on land. — B^ton aggloinere — or any mix- 
ture of cement and sand, or cement, lime, and sand, tempered 
with just sufficient water to convert all the matrix into a thick 
viscous paste — resists climatic influences and changes, and other 
usual causes of deterioration in masonry, better than any other 
combination of the same ingredients, in which more than this 
minimum quantity of water is used. This is more emphatically 
the case when the proportion of water is so great that the mix- 
ture becomes plastic, like masons' mortar. This fact is not 
only obvious, but is amply confirmed by experience and obser- 
vation. 

Only a fixed equivalent of water can combine with any given 

■ 

quantity and variety of cement or lime. 

In b6ton or mortar any excess soon evaporates, if exposed 
to the air, leaving the mass porous, and therefore liable to 
injury from various agencies, and particularly from frost. If 
immersed in sea water, a larger surface is exposed to the action 
of alkalies and acids, known to be more or less injurious in 
their effects upon light and porous mortars. 
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The densest mortars that can be produced from given 
materials are the best, and the use of a large amount of water 
is incompatible with the condition of density. 

The best pointing mqrtar, indeed, is a b^ton agglom^r^, an- 
' swering fully to the description of that material, being prepared 
with a small proportion of water, and applied by caulking it into 
the joints. In northern climates it has to sustain the severest 
tests to which masonry of any description can be exposed ; to 
alternations of cold and heat, moisture and dryness, freezing 
and thawing. 

B^ton agglom6r^, when the volume of matrix is so adjusted 
that the voids in the sand are completely filled — say in the pro- 
portion generally of one of the matrix to two and a half or three 
of sand — becomes in process of time as impervious to wat^r as 
many of the compact natural stones, while its matured strength* 
exceeds that of the best qualities of sandstone, some of the 
granites, and many of the limestones and marbles. 

Chemical tests have shown this b^ton to be practically im- 
pervious to water. Two small specimens, each weighing about 
2i grammes, were tried by Dr. Isidor Walz, chemist, of "New 
York City. Their specific gravity was 2.305. They were im- 
mersed in water fifteen minutes, and then kept four days in air, 
saturated with moisture. One of the specimens did not increase 
in weight at all during the interval, while the other absorbed J/^ 
of one per cent, of moisture. 

This material, therefore, possesses all the characteristic prop- 
erties of durability, being dense, hard, strong, and homogene- 
ous ; and there would appear to be no reason for supposing that 
it may not, with entire safety, be applied to out-door construc- 
tions, even in the most northerly portions of the United States. 

It is injured by freezing before it has had time to set. Im- 
portant works should not, therefore, be executed during the 
winter in cold climates. ' 

The effect of freezing on newly made b^ton is to detach a 
thin scale from the exposed surface, producing a rough and 
unsightly appearance; but the injury does not extend into the 
mass of the material, unless the frost be very intense. 

In monolithic constructions, the plank coffre affords suflB- 
cient protection to the face surfaces of the work against mod- 
erate frost, and, when the temperature ranges generally not 
much lower than the freezing point during the day, work may 
be safely carried on, if care be taken to cover over the new 
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material at night. Aft^r it has onco set, and has had a few- 
hoars to harden, neither severe frost, nor alternate freezing- 
and thawing, has any perceptible effect upon it, and, under 
any and all circumstances, it is much less liable to injury from 
these causes, and requires fewer precautions for its protection 
against them, than common hydraulic concrete. 

Monolithic constructions in b^ton agglom^rd may advantage- 
ously be carried on whenever it is not too cold to lay first-class 
brick masonry. 

In Paris and vicinity operations are not generally suspended 
during the winter, unless the cold be unusually severe for that 
climate. 

Pieces of statuary, and other specimens ornamented with 
delicate tracery, have been exposed for five consecutive winters 
•to the weather in New York City, without undergoing the 
slightest perceptible change. 

5G. Constructions in the sea. — The power possessed by 
b6ton agglom^r^ of resisting the solvent action of salts (princi- 
pally the sulphates of magnesia and soda) and certain gases 
contained in sea water, rests upon analogy rather than upon 
proof based upon adequate experience and observation. 

Eminent European engineers do not hesitate to use Portland 
cement concrete, mixed with a comparatively large dose of water, 
for very important submarine constructions. The matrix of this 
concrete possesses less density and strength than that of b^ton 
agglom^r^, and if the lime be excluded from the latter, the in- 
duration in the two cases would be due to precisely the same 
chemical action. The materials are indeed identical in compo- 
sition under this condition, with the exception that there is an 
excess of water, and consequently an element of weakness, in 
the English concrete, which do not attach to the beton. The 
durability of the latter in sea water, without being much dis- 
cussed, has been very generally conceded. 

Monolithic constructions under water cannot be executed in 
b6ton agglom^r^, for the reason that the prescribed ramming 
in thin layers would necessarily have to be omitted, and some 
other mode of compacting the mixture followed. This material, 
however, when laid green through water, loses its distinct name 
and character, as well as its superior strength and hardness, 
and becomes common b6ton or concrete, with the coarser ballast 
omitted. Its use in this form certainly offers no advantages 
with regard to strength, while in point of economy the usual 
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proportions of matrix, sand and shingle, or broken stone, is pre- 
ferable. 

57. Uses of beton agglomere in Europe and elsewhere. — 

The most im|X)rtant and costly work that has yet been under- 
taken in this material is a section, thirty-seven miles in length, 
of the Vanne aqueduct, for supplying water to the city of Paris. 

This aqueduct, which traverses the forest of Fontainbleau 
through its entire length, comprises two and a half to three 
miles of arches, some of them as much as fifty feet in height, 
and eleven miles of tunnels, nearly all constructed of the mate- 
rial excavated, the impalpable sand of marine formation known 
under the generic name of Fontainbleau sand. It includes, 
also, eight or ten bridges of large span (seventy-five to one hun- 
dred and twenty-five feet) for the bridging of rivers, canals, and 
highways. 

The smaller arches are half circles, and are generally of a uni- 
form span of 39yYo ^^^% with a thickness at the crown of log 
inches. Their construction was carried on without interruption 
through the winter of 1868-'G9 and the following sunwner, and 
the character of the work w^as not affected by either extreme of 
temperature. The spandrels are carried up in open work to the 
level of the crown, and upon the arcade thus prepared the aque- 
duct pipe is moulded in the same material, the whole becoming 
firmly knit together into a perfect monolith. The pipe is circu- 
lar, 6J feet in interior diameter, with a thickness of 9 inches at 
the top, and 12 inches at the sides, at the water surface. The 
construction of the arches is carried on about two weeks in 
advance of work on the pipe, and the tjentres are struck about 
a week later. 

Water was let into a portion of this pipe in the spring of 1869, 
and M. Belgrand, inspector general of bridges and highways, 
and director of drainage and sewers of the city of Paris, certi- 
fied that ''the impermeability appeared complete,''^ 

For details and general views of" this aqueduct, see Plates IV, 
V, and VI. 

58, 'Another interesting application of this material has been 
made in the construction, completed or very nearly so, of the 
light-house at Port Said, Egypt. It will be one hundred and 
eighty feet high, without joints, and resting upon a monolithic 
block of b^ton, containing nearly four hundred cubic yards. In 
design it is an exact copy of the Baleines light-house, executed 



46 Bi5T0N AGGLOM^R]^. 

after the plaus and under the orders of M. L^once-Regnaud, 
engineer-in-chief. 

59. An entire Gothic church,. with its foundations, walls, and 
steeple, in a single piece, has been built of this material at 
Yesinet, near Paris. The steeple is one hundred and thirty 
feet high, and shows no cracks or other evidences of weakness. 

M. Pallu, the founder, certifies that '^ during the two years con- 
sumed by M. Coignet in the building of this church, the b6ton 
agglomere, in all its stages, was exposed to rain and frost, and 
that it has perfectly resisted all variations of temperature.^ 

The entire floor of the church is paved with the same material, 
in a variety of beautiful designs, and with an agreeable contrast 
of colors. 

60. In constructing the municipal barracks of Notre Danae, 
Paris, the arched ceilings of the cellars were made of this b^ton, 
each arch being a single mass. The spans varied from twenty- 
two to twenty-live feet, the rise, in all cases, being one-tenth the 
span, and. the thickness at the crown 8.66 iuches.^ In the same 
building the arched ceilings of the three stories of galleries, one 
above the other, facing the interior, and all the subterranean 
drainage, comprising nearly six hundred yards of sewers, are 
also monoliths of beton. 

One of these vault arches, having a span of 17^ feet, was sub- 
jected to three severe trial tests, viz : 

First. A pyramid of stone- work weighing thirty-six tons, of 
2,000 pounds each, was placed on the centre of the vault. 

Second. A mass of sand thirteen feet thick was spread over 
the surface of the same vault. 

Third. Carts loaded with heavy materials were driven over it. 

In no instance was the slightest effect produced. 

61. A portion of the basement work of the Paris Exposition 
building comprised a system of groined arches, supported by 
columns about 13f inches square and 10 feet apart. The arches, 
having a uniform rise of one-tenth the span, and a thickness at 
the crown of 5J inches, are monoliths of b^ton agglom^r^. A 
system of flat cylindrical arches, of ten feet span, covers the 
ventilating passages. They have a rise of one-tenth, and a 
thickness at the crown of not quite 8 inches, and were tested 
with a distributed weight of 3,300 pounds to the superficial 
yard. 

There was consumed in the construction of this basement- 
work more than 353,000 cubic feet of b^ton. 
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62. Over thirty-one miles of the Paris sewers had been laid 
in this material prior to June, 18G9, at a saving of 20 per cent, 
on their lowest estimated cost, in any other kind of masonry. 

The composition of the beton was as follows : 
Sand, 5 measures. 
Hydraulic lime, 1 measure. 

Paris cement, (said to be as good as Portland cement,) ^ 
measure. 

63. Several large city houses, some for places of residence, 
and others for business purposes, have been constructed, and 
many others are in contemplation. In these the entire masonry, 
comprising both the exterior and the partition walls, the chim- 
neys with flues, cellar archjes, cistern, &c., is a single monolith 
of beton agglomere. 

In one house, having a cellar below the street level, and six 
full stories, surmounted with a Mansard roof above, the thick- 
ness of the exterior wall was established as follows, viz : cellar, 

19.7 inches; first story, 15.7 inches; second story, 13.8 inches; 
third story, 12.8 inches ; fourth story, 11.8 inches ; fifth story, 

10.8 inches^ sixth story, 9.8 inches. 

The cellars of such houses are usually divided into two large 
compartments by a wall parallel to the street, and these are 
covered by a flat arch of b^ton, the usual proportions of which 
are a rise of one-tenth the span, a thickness at the crown of 5J 
to 5 J inches, and a thickness at the springing line of 8 J to 9 
inches. (See Plate YII.) 

Spaces not exceeding thirteen or fourteen feet in width may 
be spanned by flat platforms from ten to twelve inches thick, 
and, similarly, the pavements of sidewalks may be in one con- 
tinuous piece of b^ton, with street vaults below. 

64. An interesting application of this material in the con- 
struction of a hollow sustaining wall was made at the cemetery 
of Passy, in supporting a bank of earth 29J feet in height. In 
that wall the volume of the hollows is equal to 53 per cent, of 
the aggregate volume of b^ton. The hollows were filled with 
dry earth. (See Plate YIII.) 

65. The jetties at the entrance of the Suez Canal are built of 
b^ton agglomere of cheap quality, composed of hydraulic lime 
of Theil and the almost impalpable sand of the desert. The 
construction is not monolithic, the b^ton having been formed 
into blocks weighing about twenty tons each on land, where 
they were allowed to harden for two or three months before 
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they were used. The blocks cost in final position one thoasand 
francs apiece, or about $15 75 per cubic yard. The jetties are 
twenty-six yards wide at the base ^and six yards wide at the 
summit, and are twelve yards in height. About sixteen thou- 
sand blocks have thus far been used in their construction, and 
but little remains to be done toward their completion. 

A better quality of b^ton, containiug a small amount of Port- 
land cement, would have been employed by most engineers for 
immersion in the sea, and would perhaps have been dictated 
by prudence. 

66. All the works above referred to, except those at Port 
Said, were visited by the writer in the month of February, 
1870, and these stateinents are base,d upon close observation 
and personal knowledge. 

Manj' other interesting applications of this material were ex- 
amined, of which it is not deemed necessary to make any special 
mention, except that in combined stability, strength, beauty, 
and cheapness, they far surpass the best results that could 
have been achieved by the use of any other materials, whether 
stone, brick, or wood. 

In the numerous and varied applications which have been 
made of it in France, it has received the most emj^hatic com- 
mendations from the government engineers and architects. 

67. For warehouses, churches, and large buildings of every 
description ; for foundations, quay walls, light-houses, jetties, 
and i)iers; for abutments and massive walls of all kinds; for 
sidewalks, platforms, and flagging, and for many other minor 
purx)oses, b6ton agglomere possesses not only great compara- 
tive cheapness, but all the essential merits of brick and stone 
with respect to strength, hardness, and durability; while for 
many purposes, such as cellars and cellar floors; cisterns, reser- 
voirs, tanks, and fountains; arches, vaulted ceilings, and vaults; 
tunnels, aqueducts, sewer and water pipes, and ornamental 
work of every description within the province of the architect 
or engineer, it possesses advantages peculiar to itself, and not 
equally shared by other materials. 

Monolithic buildings in b6ton, with arched ceilings in all the 
rooms, are practically fireproof. 

68. It may be advantageously used in fortifications, for 
foundations, generally, both in and out of water ; for the piers, 
arches, and roof surfaces of casemates ; for parade and breast- 
height walls; for counterscarp walls and galleries; for scarp ' 
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walls, except those that shield guns ; for service and storage 
magazines ; for pavements of magazines, casemates, galleries, 
&c., and generally for all masonry not exposed to the direct 
impact of an enemy's shot and shell. 

Carefully laid on as a roof surface over arches, it is claimed 
that the usual covering of bituminous mastic may be dispensed 
with. 

69. Its superiority to Eosehdale concrete for common work, 
such as foundations, the backing and hearting of walls, maga- 
zine walls, and generally for all masonry protected by earth and 
therefore not necessarily required to be of first quality, lies in 
its possessing greater strength and hardness at the same cost, 
and consequently in its being proportionately cheaper when re- 
duced to the same strength by increasing the proportion of sand. 

COST. 

70. The cost of works constructed in b6ton agglom^r^ will, 
of course, depend in a great measure on that of the lime and 
cement which enter into its composition. 

In Paris, where Portland cement costs from $9 to $10 per ton 
in gold, hydraulic lime about half as much, and labor ranges 
from 60 cents to 70 cents per day, the b6ton of common quality 
will cost, inclusive of profit, from $5 to $6 per cubic yard in 
plain finished walls. 

Arch work is more expensive^ and where a variety of centres 
are required, and the arches groin into each other, and rest on 
numerous columns, the cost of the finished work, which of 
course includes that of the centres and moulds, may reach as 
high as $12 to $13 per cubic yard. 

APPLICATION AND COST IN THE UNITED STATES. 

71. It has already been stated that neither Portland cement 
nor hydraulic lime suitable for b^ton agglom^r^ is manufactured 
in the United States. To import these materials and pay the 
duty costs about $20 per net ton in gold for cement, and more 
than half as much for the lime. • 

At these rates b^ton of good quality, composed say of 5 
measures of sand, one-half a measure of lime, and 1 measure of 
cement, can be manufactured in plain walls for from $9 to $11 
per cubic yard for labor and materials alone, the cost varying 
with the height to which the b^ton has to be carried. 

A common article can be made at the cost of ordinary brick 
masonry of equal strength, say from $8 50 to $9 per cubic yard, 
4 
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with these advantages in favor of the b6ton, that a moderate 
degree of ornamentation, and any desired shade of color, from 
a light drab or fawn to a dark gray or brown, may be conferred 
at a trifling addition to the cost. 

72, Batons of average quality may be made with a matrix of 
hydraulic lime alone. 

When great strength and hardness are required, the lime 
must be replaced, in part at least, by Portland cement, and the 
best results are attained with Portland cement alone. 

In the French practice a compromise between the quality and 
the cost is effected by mixing the two matrices together in such 
proportions as the circumstances in each particular case may 
require. . 

The same object may be attained with a matrix of cement 
alone by varying the dose of sand, and observing the precau- 
tion, when large doses are used, to mix sands of different sizes 
together in order to reduce the volume of voids and diminish 
the porosity. 

Which of these two methods will give the best low-priced 
b^ton agglom^r6 in process of time is a point of inquiry which 
has attracted very little attention, and is of no special import- 
ance where the cement and lime may both be readily procured 
without depending upon foreign markets. In the United 
States, however, the question rises into promii^ence, and a 
series of experiments is now in progress to determine it ; for 
although we can manufacture good Portland cement, by the 
dry process, at a little more than half the cost of its importa- 
tion, it is not known that we have any argillaceous limestone 
deposits suitable for hydraulic lime, and it is equally uncertain 
whether an artificial hydraulic lime will answer as well as the 
natural limes, of which those of Seilley and Theil may be taken 
as types. 

It, however, stands to reason, and, in the absence of positive 
knowledge to the contrary, may be assumed as true that, having 
a Portland cement b(^ton and a hydraulic lime beton of the same 
initial strength and hardness, their ultimate qualities in these 
respects, and their durability under severe climatic trials, will 
vary inversely as their porosity, within moderate limits of dis- 
crepancy. Exposed to the weather, in climates not visited by 
heavy frosts, they should remain equally good for an indefinite 
period. Immersed in sea water, the least porous* of the two 
would be the least liable to change. 
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Commou lime powder, freshly slaked by aspersion, may be 
added to a matrix of Portland cement in small proportions, say 
not greater than 1 of lime to 4 or 5 of cement by volume, with- 
out seriously impairing its strength, and with a great improve- 
ment in the texture of the b^ton. 

When large doses of sand are used, the imperviousness to 
water of the b^ton, and also its strength, are increased by 
adding common lime powder, in proportions not greater than 
eight-tenths of the cement by volume. 

It seems probable, from the experiments already made, that 
b^ton agglom^r6 for plain, cheap work, will be made in this 
manner in the United States, and that we will manufacture our 
own Portland cement, and dispense altogether with the use of 
hydraulic lime derived from argillaceous limestone. 

73. It is of great importance that the incorporation of the 
lime with the cement should be very thorough, in order to 
insure a perfectly homogeneous mixture, and this can be 
obtained with greater certainty b^^ triturating the two together 
into a thick, viscous paste before the sand is added. In con- 
ducting extensive operations the use of two mills of diflferent 
sizes would perhaps be advantageous, the smaller one being 
employed exclusively in the preparation of the matrix. 

The following proportions may be relied upon to give Coignet 
batons of good average quality: 





1 


2 


3 


4 


Coarse and fine sand, bv measure 


6 
1 


1 


7 
1 
f 


1 


Portland cement, bv measure 


Common lime nowder. bv measure 





74. For foundations and other plain massive work not ex- 
posed to view, or where a smooth surface is not specially desired, 
a liberal amount of gravel and pebbles, or broken stone, may 
be added to all of the betous of the above table. 

The following proportions will answer for such purposes : 





1 


2 


3 

7 
13 
1 
f 


4 


Coarse and fine sand, bv measure 


6 

12 

1 


6i 
13 

1 


7i 
14 
1 


Gravel and nebbles. bv measure 


Portland cement, bv measure. ................ 


Common lime nowder. bv measure 
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74 a. The following table (XVI) was not completed in time 
to take its proper place in this report, and is therefore inserted 
here. It gives the results of some of the trials that were made 
in determining the proportions recommended in the two fore- 
going paragraphs. Broken stone of various sizes, from that of 
a pea to that of a duck's ^gg^ would give better results than the 
gravel and pebbles that were employed. 

In Table XVI the blocks tested were two months old, and 
were exposed to the weather, through the months of December 
and January 1870-71, upon the roof a building where the ther- 
mometer frequently reached as low as zero, Fahrenheit. 

Their dimensions were 3J by 5J by 3 inches, the area under 
compression bring 19^ square inches. 

It will be seen that the blocks containing 13 volumes of the 
gravel and pebbles gave a greater average strength than those 
containing 5 volumes, the other ingredients in both cases being 
the same. 

Table XVI. — {Fnym General Gilmor^s experiments.) 



No. 


Proportions of dry ingredients by volume, loosely meas- 
ured. 


CBUSHING BTRKNGTH, IN 
POUNDS. 


Total. 


Per square 
inch. 


1 
2 
3 
4 

5 
6 

7 
8 


• 

Boulogne Portland cement, 1 ; common lime powder, 0.4 ; 

sand, 5.6. 
Boulogne Portland cement, 1 ; common lime powder, 0.8; 

sand, 5.6. 
Boulogne Portland cement, 1 ; common lime powder, 0.4 ; 

sand, 7.5. 
Boulogue Portland cement, 1 ; common lime powder, 0.8 ; 

sand, 7.5. 
Boulogne Portland cement, 1 ; common lime powder, 0.4 ; 

sand, 5.6 ; gravel and pebbles, 5. 
Boulogne Portland cement, 1 ; common lime powder, 0.4 ; 

sand, 5.6 ; gravel and pebbles, 13. 
Boulogne Portland cement, 1 ; common lime powder, 0.8 ; 

sand, 5.6 ; gravel and pebbles, 5. 
Boulogne Portland cement, 1 ; common lime powder, 0.8; 

sand, 5.6 ; gravel and pebbles, 13. 


( 18, 000 
I 16, 000 
C 15,500 
( 19,000 
( 8, 000 
{ 10, 000 
( 10, 600 
( 11,000 
( 12,500 
I 13, 100 
( 13, 000 
I 16, 000 
J 12, 500 
\ 12,000 
( 12, 5C0 
I 14, 5C0 


935 

831 

805 

987 

415^ 

519 

551 

571 

649 

681 

675 

831 

649 

623 

649 

753 



75. When the Archimedean screw-mixer is used, some diflft- 
culty will be experienced in incorporating the gravel and peb- 
bles with the same machine, from the liability of its getting 
jammed in between the edge of the screw and cylindrical case 
in which it revolves. The trouble will not arise from either the 
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large or the small pebbles, but only from the medium sizes. The 
difficulty might be avoided by mixing with a pug mill suitably 
constructed, or by using two machines, one for incorporating 
the matrix with the sand, and the other a concrete mixer, for 
introducing the pebbles to the mixture thus obtained. For 
monolithic concrete work, in water, the lime should be omitted. 

GENERAL OBSERVATIONS. 
INCREASE OF STRENGTH OF B:6toN AGGL0M:ifiR]6 WITH AGE. 

76. Batons and mortars, in which the matrix is Portland 
cement alone, acquire, during the first two years, fully nine- 
tenths of the strength and hardness which they ultimately 
attain in process of time. 

77. Tensile strength. — At the age of one month the tensile 
strength of Portland cement, without sand, is equal to about 
two-thirds of what it attains during the first two years. 

When sand is added, the ratio of increase in tensile strength 
is greater than with the neat cement, sometimes reaching in 
two years, with the larger proportions of sand, as high as seven 
and eight times the strength acquired during the first month. 
With equal portions of cement and sand, the strength acquired 
in one month is about doubled at the end of two years. 

The curves of the diagram, Plate I, although of less value, 
in consequence of having been derived from various authorities, 
than they would have been if made by one single exi)erimenter, 
present a comprehensive view of this subject. The discrep- 
ancies which present themselves under a close comparison, are 
due to the use of cements of various qualities mixed under va- 
rious conditions. 

78. Crushing strength. — It is known that the strength of 
Portland cement mortars and batons, to resist compression, does 
not reach its maximum limit within a period of two or perhaps 
three years. During the first month the compressive strength 
of neat cement per square inch, upon blocks about the size of 
ordinary burnt bricks, laid flatwise, is from seven to eight times 
the tensile strength per square inch of the same mixture. At 
the age of six months this ratio becomes about 12 to 1, and at 
nine months nearly 14 to 1. 

When sand is added, the difference between the tensile and 
the crushing strength on the same unit of area is much greater 
than with cement alone, and increases with the amount of sand 
used. 
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With a mixture of cement 1 and sand 2, the ratio of the 
crashing to the tensile strength will generally be found be- 
tween the limits of 14 to 1 and 19 to 1 ; with cement 1 and 
sand 4, it reaches as high as 25 to 1 and even 29 to 1 ; and with 
cement 1 and sand 5, as high as 35 to 1. These relations are 
maintained as a rule up to the age of nine months, beyond 
which period our information depends so much upon experi- 
ments ihade at different times and places, and by different per- 
sons, as to be in a measure impaired for practical use and 
application. 

As a rule, the crushing strength of betons, in which the 
matrix is Portland cement, at the age of three months, becomes 
nearly doubled at the age of nine months. 

79. a. All possible mixtures of Portland or natural American 
cements^ with or without sand, with much or little water, if 
arranged in the order of their strength at any time after they 
are five days old, will, as a rule, remain in that order through- 
out all subsequent induration. 

80. American cements made from argillo-magnesian limestone 
at the following-named localities, when manufactured with care, 
do not differ greatly in quality, viz : Cumberland, Maryland ; 
Louisville, Kentucky; Utica, Illinois; Coplay, Pennsylvania; 
Shepherdstown, Virginia; Eound Top, near Hancock, Mary- 
land ; Akron, New York. They are, however, somewhat inferior 
to Rosendale cement of average quality. 

81. The tensile strength of the best Portland cement, seven 
days old, is about six times as great as that of the best natural 
American cements, both being mixed without sand. About the 
same ratio exists between the medium grades, and also between 
the lower grades of these two classes of cements. This is true 
whether mixed with little water, like b^ton agglom^r^, or with 
much, like masons' mortar. 

82. A mixture of Portland cement and sand, in proportions 
suitable for mortar, seven days old, made with much or little 
water, possesses from four to six times the tensile strength of 
a mixture of Eosendale cement and sand in the same propor- 
tions, similarly treated. 

83. The tensile strength of both Portland and Eosendale 
cements, with or without sand, is less when made plastic, like 
stiff* masons' mortar, than when made simply damp and iuco: 
hereut, like betOn agglomere. With Portland cement the differ- 
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eiice is from 20 per cent, to 30 per cent., and with Eosendale 
cements much greater. 

84. The tensile strength of the best neat Eosendale cement, 
seven days old, is more than twice as great as that of the poorest, 
and when mixed with three times its weight of sand, is as strong 
as the poorest without sand. 

85. Neat Eosendale cement mixed with neat Portla.nd cement 
is very little better than the same weight of sand, until the 
amount exceeds six times that of the Portland cement. This 
result is from mixtures seven days old, and is due to the fact 
that the adhesion of the Portland cement to the sand is about 
equal to the cohesive strength of the particles of Eosendale 
cement, until the amount of sand exceeds six times that of the 
Portland cement, when the adhesive strength of the sand 
mixture, in consequence of its porosity, falls below the cohesive 
strength of the two cements. 

86. The crushing strength of neat Portland cement, seven 
days old, is not quite four times as great as that of neat Eosen- 
dale, both being mixed rather dry, and rammed. If both are 
made plastic, like mortar, the former is nearly twenty times as 
strong as the latter. 

Mixed with different proportions of sand, like b^ton agglo- 
mer^, the crushing strength of Portland cement is from 6 to 
12 times as great as Eosendale similarly treated, and from 16 
to 19 times as great when both are made soft, like mortar. 

87. The cost of Portland cement in New York, inclusive of 
custom-house duties, is about fifty per cent, greater than that 
of Eosendale cement, while for all the purposes to which 
cements are usually applied it is three times as valuable. 

88. Any admixture of sand with either Portland or Eosendale 
cements diminishes both the tensile and crushing strength. 

89. At the end of one year the tensile strength of Portland 
cement, mixed with an equal volume of sand, is about three- 
fourths of that of the neat cement. With two x>arts of sand, 
the strength is two-fifths that of the neat cement; with three 
parts, not quite one-third; with four parts, about one-fifth; 
while with five parts of sand, the strength lies between one- 
ninth and one-eighth that of neat cement. 

90. Sea water is nearly as good as fresh water for mixing Port- 
land cements, but injures the Eosendale, and all argillo-magne- 
sian cements, very considerably. 

91. In mixtures of Portland cement and sand for either 
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monolithic work or separate blocks, one-half the sand may be 
replaced advantageously by coarse pebbles, resulting in an in- 
crease of both the tensile and the crushing strength. 

92. Neat Portland cement, mixed with J to J of its weiglit, or 
vo ^ To ^^ ^^^ volume of common lime powder, loosely measured^ 
loses from J to f of its tensile strength. Mixed with ^ its weight, 
or 1^^ its volume, it loses f of its strength. Mixed with f of its 
weight, or 2^^^ its volume, it loses § of its strength. 

93. All Portland cement mixtures acquire greater strength and 
hardness immersed in water than if kept in the open air. 

Concrete blocks, until required for use, should be wet daily, 
and shaded from the sun in warm weather. A good plan, when 
practicable, is to make them on the beach between tides, when 
they will be submerged twice a day. 

94. Monolithic work of Portland cement concrete in water 
should not be made with the best or slowest-setting cement, but 
with one that is more active, and the water must be perfectly 
quiet. The method of manipulation and treatment is the same 
as for Kosendale cement concrete, but the proportion of sand 
and ballast may be twice as great. 

95. Good Portland cement weighs not less than 109 pounds to 
the bushel, loosely measured, is of a blueish gray color, and re- 
quires from three to four hours to set. The inferior cements 
are lighter in weight, quicker setting, and of a brownish color. 
The inferiority may arise from the presence of too much clay, 
or from inadequate burning. 

96. The use of beton agglom6r6 in France dates back to the 
year 1856, and confidence in its value has been constantly on 
the increase since that date. 

THE MANUFACTURE OF MATERIALS FOR Bi^TON AGGLOM^RE. 

97. The prominence given in the foregoing pages to a descrip- 
tion of the characteristic properties of hydraulic lime and Port- 
laud cement (the two materials upon which b^ton agglom^r^ 
depends for its excellence) has been deemed necessary, in order 
that M. Coignet's processes of manufacture may be fully under- 
stood. 

The practice in France and elsewhere, wherever this b^ton 
has been introduced, requires not only that the cementing mate- 
rial shall possess hydraulic energy, but that this energy shall 
be of the peculiar kind inherent in argillaceous limestones judi- 
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ciously burnt ; shall be, in fact, derived from hydraulic lime and 
Portland cement, as already described. 

It rejects the dolomite as a class, and all limestones largely 
dependent for their hydrauUcity upon magnesia. It also rejects, 
for the reasons stated, a matrix of fat lime alone. 

It seems proper that the method followed at the present 
day, for producing hydraulic lime and Portland cement on ai 
large scale, in order to meet the great and increasing demand 
for them, should now be briefly described. Nothing but a gen- 
eral outline of the processes in most successful use will be given. 

MANUFACTURE OF HYDRAULIC LIME. 

98. In France, the practice of using lime that has been slaked 
in large bulk to a state of paste, by a copious use of water, has 
been entirely discontinued within the last few years, for the 
reason that only the fat or feebly hydraulic limes can be so 
treated. 

The presence of a sufficient amount of clay to confer emi- 
nently hydraulic properties upon the lime, engenders the pres- 
ence of lumps and portions not susceptible of thorough ex- 
tinction by the ordinary means, which would not only render 
the mortar heterogeneous, but might endanger the stability and 
safety of the masonry, by subsequent slaking within the work. 

Hence, whenever the advantage of employing hydraulic lime, 
either alone or mixed with cement, in order to confer energy 
and strength upon mortar, has been recognized, the lime is in- 
variably used in a state of freshly slaked, impalpable powder. 
The use of fat lime has been very generally discontinued upon 
important works. 

99. The following method is the one commonly practiced for 
obtaining hydraulic lime from argillaceous limestones contain- 
ing from 12 to 24 per cent, of clay, the latter being composed of 
about 2 of silica to 1 of alumina. 

The stone is burned in any suitable kiln, at a heat sufficient 
to expel all the carbonic acid gas. 

There is no advantage in a high heat, like that necessary for 
burning Portland cement. 

While still warm from the kiln, the stone is sprinkled with 
from 15 to 20 per cent, of its own weight of water, care being 
taken not to use enough to convert any portion of it into paste. 
The slaking soon begins, and the stone falls to pieces, a portiou 
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of it in the condition of fine powder, while the rest remains in 
unslaked, or partially slaked, lamps of various sizes. 

The whole mass is then thrown together in large heaps, 
where it remains undisturbed for six or eight days, in order to 
complete the extinction as far as possible, and is then screened 
with a sieve of twenty-five to thirty fine wires to the lineal inch. 
• The portion which passes the screen is hydraulic lime of first 
quality, if the stone be capable of yielding such, and, when used, 
requires only sufficient water to convert it into a stiff:' paste, 
in order to furnish an excellent matrix for mortar, b^ton, or 
concrete. 

The lumpy portions which do not pass the sieve either con- 
tain too much clay, or have been burnt at too high or too low 
a heat to be susceptible of thorough extinction by exposure to 
the air, or aspersion with water. The quantity of this lumpy 
residue will be great in proportion to the amount of clay in 
the stone, or the extent to which the heat in burning has been 
improperly regulated. 

In some localities this residue is thrown away, as dangerous 
or worthless, while in others it is the custom to grind it up 
separately, and mix it with the powder previously obtained by 
aspersion. 

When the burning has taken place at a heat suitable for 
making common lime, the residue owes its origin to the presence 
of clay, and may be a light, quick-setting cement, like the 
Eoman. / 

If so, its incorporation with the lime powder will augment 
the hydraulic activity of the latter, though perhaps not its ulti- 
mate strength and hardness. 

When the residue is too much under-burnt to slake readily, 
it may cause damage by a tardy extinction in the mortar, and 
should be rejected. 

When burnt at a high heat, the residue may be Portland 
cement, if the stone contain from 20 to 22 per cent, of clay; or 
it may be inert clinker, partially or wholly vitrified, depending 
not only upon the amount, but also upon the form in which the 
silica and alumina exist in the clay. 

The character of the residue, when ascertained, will deter- 
mine whether it would be advantageous or otherwise to add it 
to the lime powder produced by slaking. 

For these reasons the utilization of the unslaked lumi)s ob- 
tained in the manufacture of hydraulic lime requires constant 
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and watchful care, in order that the introduction of ingredients 
that are worthless, or perhaps both dangerous and worthless, 
may be avoided. 

MANUFACTURE OF HYDRAULIC LIMB AND PORTLAND CEMENT 

AT ONE BURNING. 

100. M. Coignet has devised a method for making both hy- 
draulic and Portland cement, at one and the same burning, 
from heterogeneous argillo-calcareous limestone, in which the 
proportion of clay may vary irregularly from 10 to 30 per cent. 

Incidentally a third product (a cement inferior to the Port- 
land, and resembling tbe Eoman and the Kosendale varieties) 
results from this j^rocess. 

The following is a condensed description of this new method : 

84. The hydraulic lime, of which the process of manufacture 
is here described, is not similar to the article of the same name 
made in Austria, by burning limestones containing so large an 
amount of clay (generally exceeding 20 per cent.) that they can- 
not be slaked by aspersion with water after burning, but must 
be reduced to powder by grinding. 

The Coignet process applies to hydraulic lime derived from 
stone containing less than 21 to 22 per cent, of clay, which, 
after leaving the kiln, is slaked to powder by simnkling with 
water. 

By the usual mode described in paragraph 99, the burnt 
lime, after being sprinkled with water, is first formed into heaps 
to facilitate the slaking, and is subsequently screened through 
fine wire-cloth, the portion which passes the screen being hy- 
draulic lime. 

In operating with lime rich in clay, the unslaked, lumpy resi- 
due, rejected by the screen, is frequently so large a proportion 
of the whole as to be a source of serious loss to the manufac- 
turers if thrown away, while, as already stated, all attempts to 
incorporate it with the powder obtained by slaking and screen- 
ing are attended with danger. 

By the new method, the lumpy portions which accumulate at 
each screening, instead of being ground and added to the lime 
powder, are, after being ground, mixed with freshly-burnt stone 
just before the latter is watered for slaking, so that they are 
again exposed to the heat and vapor developed by the slaking 
process. By this device those portions which would, by the 
usual treatment, have been liable to subsequent deleterious 



W BJfiTON AGGLOMJfiRfi. 

action when made into mortar, become thoroughly reduced, 
and their presence becomes a benefit instead of an injury to 
the masonry into which they enter, by augmenting its strengrtli 
and hardness. Indeed, the greater the amount of residue tliiis 
treated, the greater will be the hydraulicity, and consequeiitlj- 
the value, of the resultiug product. 

101. This manner of treating the pulverized residues arising 
in the manufa(5ture of hydraulic lime, is one of the peculiarities 
of the new process. Another consists in producing, at the same 
burning, heavy, slow-setting Portland cement, as hereinafter 
described. 

102. Hydraulic cements owe their peculiar properties to a com- 
bination, under the influence of heat, of a certain quantity of 
clay with oxide of calcium, producing double silicates of lime 
and alumina. 

103. Experience has shown that the proportion existing be- 
tween the chiy and the lime exercises a controlling influence, 
not only on the results obtained in burning, but on the practi- 
cal manipulation subsequent thereto, in order that the maximum 
hydraulic energy, as regards both intensity and permanence, 
may be secured, and the danger of tardy action in the body of 
the mortar lessened or avoided. 

In fact, when an argillaceous limestone does not contain at 
least 20 per cent, of clay, the lime is in excess, and no useful 
purpose can be subserved by exposing the stone to an excessive 
heat, inasmuch as the semi-fusion so characteristic of cement 
will not ensue, or, if apparently produced, the cement, when 
ground and tempered with water, will be unstable. It may, in 
fact, fall to pieces from the spontaneous slaking of the excess of 
quicklime present, this excess being the portion which has not 
been converted during the calcination into silicate or aluminate 
of lime. 

If, on the other hand, the limestone contains more than 22 to 
23 per cent, of clay, it fuses at a moderate heat, and becomes a 
kind of glass, destitute of useful hydraulic energy, and liable to 
disintegrate aud fall to powder while cooling in contact with 
the air. 

If the temperature be kept so low that the stone contain- 
ing more than 23 per cent, of clay will not vitrify, it yields a 
cement of greatly inferior energy, and liable to soften when 
made into mortar and exposed to moisture 5 while, under the 
same moderate heat, those portions containing 20 to 22 per cent. 
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of clay, and therefore suitable for Portland cement, leaves the 
kiln as a lighfc, quick-setting underburnt cement, or hydraulic 
lime, possessing not more than one-fourth to one-third of the 
intrinsic value of the Portland cement of average quality. 

104. These light, quick-setting cements are also produced by 
a moderate burning, from stone containing as high as 27 per 
cent., or even 30 per cent., of clay. Indeed, the amount of clay 
may reach, exceptionally, as high as 35 per cent. 

The cement made at Vassy, in France, the English and French 
!Boman cements, and all of the American cements, (the Eosen- 
dalCj Shepherdstown, Cumberland, Coplay, and others,) belong 
to this class. 

In Austria the name of hydraulic lime is given to cements 
of this description. 

The Eoman cement, made from the nodules of septaria de- 
rived from the *Kimmeridge and London clay, is the best of the 
cements here referred to, though greatly inferior in strength 
and hardness to the Portland. 

105. Experience has fully proved that the heavy, slow-setting 
cements (the class upon which the name of Portland has been 
conferred, from the resemblance of the English variety to 
natural Portland limestone) can only be obtained by burning, 
at a high heat, either limestones containing at least 20 and not 
more than 22 per cent, of clay, or. an artificial mixture of the 
ingredients in similar proportions. 

Natural stone, suitable for this purpose, is found in Europe 
in the first range of the Jura formation, and on the lower slopes 
of the Alps in France and Austria. It generally occurs in nu- 
merous layers, which are very variable in the amount of clay 
which they severally contain, not exceeding from 10 to 15 per 
cent, in some, and reaching as high as 20, 25, and even 30 per 
cent, in others. The layers are generally thin, and there are 
but very few of them in which the desired proportion of 20 to 
22 per cent, of clay exists, homogeneously distributed. By far 
the gi'eater number contain either less or more than this amount. 

In whatever manner apparently homogeneous limestones may 
be exposed to burning, at a high temperature, it is impossible 
to avoid the complete vitrification of some layers containing too 
much clay, w^hile others, not containing enough, or less than 
20 to 22 per cent., produce cements having lime in excess. 
These are all more or less liable to the danger of tardy slaking, 
already referred to. So great and so common is this danger, 
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indeed, that an artificial mixture of clay and carbonate of lime 
has been very generally relied upon for Portland cement. 

HYDEATJLIC LIME AND PORTLAND CEMENT OF SEILLEY, 

FRANCE. 

106. The argillo-calcareous deposit of Seilley, firom whicli both 
hydraulic lime and Portland cement are manufactured by Mr. 
Coignet's method, for the SocUte Ccntrale des Batons AgglomSrSs 
of Paris, is of this heterogeneous character, comprising* more 
than one hundred layers of stone, of very variable composition. 
Among these different layers the amount of clay varies from 
12 to 25 per cent. 

In a thickness of eighty feet, comprising the useful working 
portion of the quarry, there is an aggregate of about twenty- 
five to thirty feet of practically homogeneous stone, containing 
from 20 to 23 per cent, of clay, and therefore suitable for Port- 
land cement. To select and set aside these layers only, many 
of which are not more than four or five inches in thickness, 
would be impracticable. There would always be mixed up with 
the selected stone, some portion containing too much, and others 
containing too little clay for Portland cement. 

That part of the burnt product which resisted extinction by 
the ordinary process of sprinkling, and therefore comprising all 
the cement, would also contain a notable percentage of un- 
slaked hydraulic lime. 

The method devised for overcoming these difficulties consists, 
as already stated, in mixing the pulverized lumpy residue with 
freshly-burnt stone, and again subjecting it to the heat and 
vapor developed in slaking. By this means the superior en- 
ergy of the residue is utilized as far as possible, the maximum 
quality of hydraulic lime which the stone is capable of yield- 
ing is obtained, and all danger of disintegration from ulterior 
slaking is avoided. 

107. It is to be borne in mind that Portland cement can only 
be made from a mixture, natural or artificial, of 20 to 22 per 
cent, of clay and 80 to 78 per cent, of carbonate of lime, and 
that the calcination must take place at a temperature suffi- 
ciently high to produce that peculiar softening which precedes 
incipient vitrification, it being at this stage alone that those 
silicates, upon the crystallization of which, in the presence of 
water, this cement depends for its peculiar merits, can be 
formed. 
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108. In applying this method in practice, the entire product 
of the quarry is burnt with a heat of sufficient intensity and 
duration to convert those portions, containing 20 to 22 per cent, 
of clay, into Portland cement. The results are as follows: 

1. The stone containing more than 22 per cent, of clay would 
be more or less thoroughly vitrified, and would fall to powder 
upon cooling in the air, and could therefore be readily separated 
from the rest. 

2. The stone containing less than 20 per cent, of clay, being 
the most refractory of any in the kiln, would remain in the con- 
dition of lime, more or less hydraulic, and easy of recognition 
and separation, in the manner hereinafter described. 

3. The stone containing 20 to 22 per cent, of clay would be 
Portland cement clinker^ requiring only to be pulverized by 
grinding, to complete the process of manufacture. 

Upon this entire product of the kiln, mixed together, enough 
water is sprinkled to effect the slaking of the lime, and it is 
then formed into heaps and allowed to remain until all portions 
capable of thorough extinction by the heat and vapor de- 
veloped, that is, all the hydraulic lime, fall into powder. The 
portion which resists slaking is Portland cement. 

The two are separated by screening, and the cement is reduced 
to powder by grinding. 

In practice it will be found that there are som6 lumpy por- 
tions of the slaked heaps, which, although they do not pass 
through the screen, are nevertheless not Portland cement. 
They result from the imperfect calcination of stone containing 
between 18 and 20 per cent, of clay, lying between the limes 
that slake entirely to powder, and the cements that do not 
slake at all. They are slaked, indeed, but not to powder, and 
there is no danger of any ulterior disturbance from them. The 
lumps are quite soft, entirely unlike the cement, and» require 
but little power to reduce them to powder. They are pulver- 
ized by passing the entire residue through a mill, having the 
stones slightly separated from each other, so that they are 
reduced by a kind of roUiag motion which does not crush the 
Portland cement. The two are separated by a fine wire screen ; 
the powder thus obtained being a light, slow-setting cement, 
weighing 78 to 80 pounds to the bushel ; while the Portland 
cement, produced at the same time, weighs 98 to 101 pounds to 
the bushel. 

109. It is claimed that this method of treating the entire yield 
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of a heterogeneous argillo-calcareous deposit, by burning- it 
with that degree of heat required for converting into Portland 
cement those portions containing 20 to 22 per cent. o£ clay, 
really improves the quality of the hydraulic lime furnished, by 
those portions containing less clay. There is no doubt thiat its 
weight is augmented, but, on the other hand, it is slightly 
adulterated with the dust of the vitrified stone, to which, 
indeed, its increased weight may be in part due. It is doubt- 
less a good stable hydraulic li;ne. It is extensively used in the 
vicinity of Paris, and considerable quantities have been recently 
imported from the Seilley works into the United States, where 
it has given entire satisfaction. 

110. This method of manufacture, applied to the entire yield 
of the quarry at Seilley, produces — 

First. Sixty per cent, of excellent hydraulic lime, weighing", 
uncompacted, 50 to 55 pounds to the bushel, and which, mixed 
into a paste with water, will set in 10 to 15 hours, and sustain 
a wire point one-twenty-fourth of an inch in diameter, loaded 
to two pounds, in 20 to 24 hours. 

Second. Ten per cent, of light, slow-setting cement, weighing, 
when not shaken down, 78 to 80 pounds to the bushel, that will 
sustain the same test in 8 hours. 

Third. Thirty per cent, of heavy, slow-setting Portland 
cement, weighing, when not compacted by shaking or other- 
wise, 98 to 101 pounds to the bushel, that will bear the needle 
test in 4 hours. 

111. It does not appear to be necessary at Seilley to repeat the 
slaking process upon any of the pulverized lumpy residue, by 
mixing it with freshly-burnt stone ; but that the entire product 
of the quarry is converted, by one burning and one slaking, 
judiciously conducted, into one or another of these three ma- 
terials. 

112. The only works besides those at Seilley, where Portland 
cement is manufactured from a natural deposit, are located at 
Boulogne-Sur-Mer. A calcareous layer of the Kimmeridge clay, 
excavated with pick and shovel, furnishes the material. 

A description of the process used at Boulogne is given in 
Gillmore's Treatise on Limes, &c., paragraphs 87 to 94. 

Some changes have been made there, however, in the practice, 
so that at the present time the wet process, used in making 
artificial Portland cement in England, is the one followed at 
Boulogne. 
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ARTIFICIAL, PORTLAND CEMENT. 

113. Fully nlneteen-twentieths of all the Portland cement 
made at the present day is artificial. In its manufacture, either 
the wet process of England, used also in making the natural 
Boulogne Portland, or the dry process of Germany, may be fol- 
lowed. A brief and very general description of these two pro- 
cesses is given below. 

THE WET PROCESS. 

114. The works in the vicinity of London employ both the 
white and the gray chalks of that neighborhood. Exclusive of 
the flint contained in them they are nearly pure carbonate of 
lime. 

The clay is procured from the shores of the Medway and 
Thames, and the adjoining marshes and inlets. It contains 
about two parts of silica to one of all the other ingredients, 
comprising alumina, oxide of iron, soda and kali, carbonate 
of lime, &c. 

First. The clay and the chalk are mixed together in the 
proportion of about 1 to 3 by weight, in a circular wash mill, 
provided with heavy harrows revolving on a vertical shaft, to 
secure the perfect reduction of the particles of chalk to an 
impalpable paste. The chalk is not allowed to mingle with 
the clay until it has passed a fine wire sieve. 

Second. When a thorough mixture is thus effected, the liquid, 
resembling whitewash in appearance, is conducted to large 
open reservoirs called backs, where it is left to settle. The 
clear water, as it rises to the surface or the heavier materials 
subside, is drained off. A portion of that which remains min- 
gled with the raw cement goes off by evaporation. 

During the time the mixture remains in the backs, samples 
are taken of it constantly and made into cement in sample 
kilns, to test the accuracy of the proportions. If any error in 
this respect is discovered, it is corrected by new material 
washed into the backs, or by mixing together the contents of 
two or more backs. 

The time required for the contents of the backs to -obtain 
sufficient solidity to bear transportation to the drying stoves 
varies with the wetness or dryness of the season. 

Third. When the raw cement mixture has attained the con- 
sistency of butter, it is taken out of the backs by shovelfulls, 
5 
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like stiff mud, and, in tbat form and condition, is removed to 
stoves heated by flues;, and dried. 

Fourth, After being dried — althoagh it is not necessary to 
expel all the moisture — ^it is burnt with gas coke in perpetual 
bell-sha{)ed kilns, which are fed daily from above and drawn 
below. 

The coke and raw cement are put into the kiln in alternate 
layers, in the proportion of abo^lt one part by weight of coke 
to two of cement, and the burning mu»t be carried to the point 
of incipient vitrification. 

When properly burnt the pieces of cement called clinker, are 
of a greenish color, and are cracked, contorted, and much 
shrunken from the effects of the heat. 

Fifth. The cement clinker is ground between millstones to 
that degree of fineness that when passed through a No. 30 wire 
sieve, of 36 wires to the lineal inch, there shall not be a residue 
exceeding 10 per cent. 

Sixth. The cement powder poured intoa measnrCy and not com- 
pacted by shaking or otherwise, i^ould weigh not less than 100 
pounds to the struck English bushel. Some engineers exact 
110 pounds per bushel. 

Seventh. Made into a stiff paste without sand, and immersed 
in water within twenty-four hours thereafter, the sample, when 
seven days old, should sustain a tensile strain, varying with the 
different uses to which it is to be put, of from 178 to 222 pounds 
to the sectional area of one inch. Few cements weighing less 
than 100 pounds to the loose bushel will sustain this test. 

THE I>BY PROCESS. 

115. By this process any of the compact limestones, as well 
as the chalks and marls, may be employed for Portland cement. 
It is well to remember in practice, however, that the consump- 
tion of power required to reduce the hard carbonates to powder, 
places them under a great disadvantage in neighborhoods 
where chalk or soft marl abounds. 

First. The raw materials — both carbonate and clav — are 
kiln-dried at 212^ Fahrenheit, in order to expel the moisture and 
prevent caking in the mill, and otherwise facilitate grinding 
and sifting. 

Second, After drying, the clay and carbonate of lime are 
mixed together in suitable proportions and reduced to a fine 
powder. In most localities the proportion will be between 
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the limits of 20 to 23 per cent, of clay, to 80 to 77 of the carbo- 
nate. 

One kind of machine will not suffice for grinding the raw 
materials economically. 

In the German manufactories three are used, viz : 

First. A stone-breaking machine, of the kind usually em- 
ployed for breaking stone for roadways, or for concrete. 
Through this the dried and mixed materials are passed, issu- 
ing therefrom in pieces not exceeding the size of a walnut. 

Second. A further reduction i« effected by a vertical mill or 
edge runners. 

Third. The material is ground between horizontal millstones 
to a powder of such degree of fineness that 90 per cent, of it 
should pass a wire screen of eighty wires to the lineal inch. 

Third. The powdered material is then formed into a rather 
stiff paste in a brick-making machine, and made into bricks of 
suitable size for burning. During this operation there is an 
advantage in keeping the mixture warm, which may be done 
by coils of steam pipes or otherwise. 

The liquid which is add^d to the powder in the brick machine 
to form the paste is made by adding to 100 pounds of water, 2J 
to 6 pounds of calcined soda, and 5 or 6 pounds of newly burnt 
slaked chalk or lime. This mixture is kept hot in a sheet-iron 
vat containing a coil of steam pipe in the bottom. It is kept 
thoroughly mixed by a revolving vertical shaft with horizontal 
arms. One hundred parts of the raw powder requires from 30 
to 35 parts of this liquid. 

Fourth. The bricks are dried by artificial means, and are 
then burnt at a high heat and ground to a fine powder, as in 
the wet process. 

The same number of mills are necessary for grinding the 
cement, as are used in pulverizing the raw materials. The 
clinker is first put into a stone-breaking machine, then into a 
\;^rtical mill, and, lastly, is ground to an impalpable powder in 
a horizontal mill. 

116. In the largest and best-managed manufactories of Port- 
land cement in Europe, in which none but a first-class article is 
produced, there is always a competent chemist employed to 
make daily trials of the materials on a small scale, in order 
that any departure, however slight, from the best proportions 
of the ingredients, may be averted before it can occasion any 
serious injury to the average quality of aggregate yield. An 
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active competition in the business has rendered it necessary to 
leave nothing to the results of chance. 

KILNS FOB BURNING PORTLAND CEMENT. 

117. The most difficult part in the operation of making I^ort- 
land cementy by either process, is the proper application and 
management of the heat in burning. It is an easy matter to 
pulverize and mix the raw materials when either wet or dry, and 
to grind the burnt stone to a fine powder. But the mysterious 
conversion which takes place in the kiln^ under a heat of suffi- 
cient intensity to make glass, is to a great extent beyond our 
knowledge, and to some extent beyond our control. 

118. All the manufactories in Germany, with one or perhaps 
two exceptions, burn the cement in intermittent kilns, which 
are about 50 feet high and 10 feet in greatest diameter. The 
kiln is filled with alternate layers of raw cement and coke, or 
coal, and then .fired. About three days are required for the 
burning, and from five to eight days for the kiln to cool off so 
that it can be drawn. These kilns, judged by the quality and 
quantity of their yield, are the most expensive kind that can 
be used. They are no improvement upon those in use one 
hundred years ago, and require the most skillful management 
and supervision to produce even moderately fair results. 

119. The perpetual bell-shaped kilns used in England and at 
Boulogne, although superior to the intermittent German kilns^ 
fall far short of satisfying the essential conditions .of a good 
kiln. They consume too much fuel, the control of the com- 
bustion is attended with considerable difficulty, and the results 
are liable to be to some extent uncertain. 

THE ANNULAR KILN. 

] 

120. The annular or ring kiln, in which the burning cham- 
ber is placed around the circumference of a circle, ellipse, or 
oval, is doubtless, in one form or another of its several modifi- 
cations, the best that has been yet devised for burning either 
cement, lime, or bricks. 

121,. The Hoffmann JcilUj considered as a type of this class, is 
not, perhaps, inferior to any of the others, and will be briefly 
described.^ (See Plate IX.) 

DESCRIPTION OF THE HOFFMANN KILN. 

122r Imagine a railway tunnel, 8 to 9 feet high, by 10 to 12 
feet span, constructed round a circle or an oval of such dimen- 
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sions that, measuring round the middle line of the annular cham- 
ber thus formed, the periphery is about 350 feet. This annular 
tunnel is called the burning chamber. In the centre of the 
space enclosed by the ring, is a long chamber called the smoke 
chamber, leading to a chimney 140 to 150 feet in height. This 
chimney may stand within the central space, or fexterior to it. 
In the latter case a smoke flue would lead from the smoke 
chamber, under the burning chamber, to the base of the chim- 
ney. Fourteen radial flues, at equal intervals, lead from the 
burning chamber to the smoke chamber, each provided with a 
bell-shaped damper, which may be opened or closed, as required. 
There are fourteen doorways through the outer wall of the 
burning chamber, each 5 feet in height by 4 feet wide, placed 
at regular intervals. The arched top of the burning chamber 
is pierced at intervals of 3 to 4 feet, with holes about 5 inches 
in diameter, called the feed holes, which are used for supplying 
the fires with fuel. There are about 300 of them, each closed 
with a bell-shaped cover fitting over a rim or curb, and dipping 
into sand. 

The whole should be substantially built of stone or brick 
masonry, and covered with a permanent roof. 

The burning chamber should be lined with fire-bricks when 
the kiln is intended for burning cement. 

123. Manner of using the kiln. — Let the doorways be num- 
bered from 1^ to 14, counting from left to right as you enter a 
doorway, and let the fourteen flues be numbered in the same 
manner. 

When the kiln is in operation, all the doorways but two, or 
exceptionally three, are kept closed with temporary brick- work. 
Suppose only 1 and 2 to be open. Workmen are engaged in 
taking burnt lime from doorway No. 2, and others in conveying 
raw limestone in at doorway No. 1, and piling it up in the burn- 
ing chamber, leaving vertical openings under the feed holes and 
horizontal passages for draught, parallel to the periphery. 

It is convenient to call each portion of the burning chamber 
between two consecutive doorways a compartment, although 
there is no permanent division of the burning chamber into 
smaller chambers. 

When the kiln is in operation, usually all the compartments 
but two are filled with cement stone, in all stages from raw 
stone to thoroughly burned cement. Suppose compartments 1 
and 2 empty, and aU the others filled. No. 3 contains cement 
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from stone put in 12 days ago; Ko. 4 that from stone put in 11 
days ago ; and so on around to compartment 14, which was filled 
yesterday. Separating No. 14 from No. 1 is a sheet-iron parti- 
tion, as nearly as possible air-tight. This partition, called the 
cut-off^ is movable. Yesterday it was between 13 and 14 ; to- 
morrow it will be between 1 and 2, and so on, being moved 
on one compartment each day. All the dampers are closed 
to-day except No. 14 ; yesterday all were closed except No. 13 ; 
to-morrow only No. 1 will be open. To-day men are removing 
burnt cement from compartment No. 2, and others are setting 
raw stone in compartment No. 1. Yesterday they were setting 
stone in No. 14, and removing cement from No. 1. To-morrow 
they will be removing cement from No. 3, and filling No. 2 with 
raw stone; so that every day the setting, drawing, cut-off, and 
open damper advance one compartment. The fires are in the 
centre of the mass, from the burnt cement end round to the 
raw stone end ; say in compartments 7 and 8 to-day, 6 and 7 
yesterday, 8 and 9 to-morrow, advancing one comi>artment per 
day, like the drawing and setting. 

The compartment that was in fire yesterday, say No. 6, is still 
very hot to-day. No. 5 less hot. No. 4 cooler, and so on to No. 
2, where the cement is cool enough to be handled, and men are 
removing it from the kiln, wheelbarrows, or trucks on portable 
railway tracks, being used for the purpose. 

The compartments not yet fired are heated by. the hot gases 
passing through them to the chimney, the stone in the com- 
partment next the fire being at a full red heat, while that 
farthest off, which was put in yesterday, is only warm. 

The draught of the chimney is sufficient to draw air in at the 
open doorways, through the entire mass of cement and raw 
stone, to the open flue, which is the one by the cut-off. 

In passing through the burnt cement, the air takes up the 
residue of heat and becomes hotter and hotter, till, after passing 
through the cement burned yesterday, the hot current ignites 
at once the dust coal as it falls from the feed pipes, and the 
gases thus formed being carried on, mixed with air, it is proba- 
ble the stone is burned considerably in advance of where the 
coal is supplied. 

As the hot gases of combustion pass on, they give up their heat 
to the limestone, till, on arriving at the chimney, there is only 
heat enough remaining to cause a draught in a well-constructed 
chimney 140 to 150 feet in height. It is plain that all the heat 
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of combustion is utilized, except such as may escape through 
the walls of the kiln, and as the masonry is very massive, the 
loss from this cause is very slight. 

124. One peculiar feature of these kilns is, that although 
less likely to get oat of order than other kilns, from the fact 
that there is no movement in the burning mass, repairs may be 
easily made without letting the ire go down. 

There are Hoffman kilns in which the fires have not been ex- 
tinguished for five years- 
One like that above described, operating at Llandulas, Wales, 
produces about 80 tons or 650 barrels of common lime per day, 
at a cost of 5«., or $1 25 gold, per ton — estimating the unquar- 
ried limestone as of no value — as follows : 

Getting stone, inclacling tools 1 3 

Setting 6 

Drawing 3^- 

Burners' wages 3^ 

Fuel, at 7«. per ton 1 6 

Cost of producing lime 3 9 

To which is added 33 per cent, for aU expenses of management, &c. ..13 

5 
Making entire cost per ton 58., or |1 25 gold. 

The lime sells at the works for 78. per ton, ($1 75 gold,) The 
work is generally done by the ton, and at the above prices the 
men make from 3«. to 4«. (75 cents to $1 gold) per day. 

125. At Mexham, near Chester, England, the cost of pro- 
ducing lime is the same as the above. 

126. At Settle, in Yorkshire, where there is a Hoffmann kiln 
of about the same size, the setting, includiug running in the 
loaded trucks and running out the empty ones, costs sixpence 
per ton of lime, the drawing twopence per ton, the men earning 
from 38. to 3«. 6d. per day. 

127. At the current prices of labor and fuel in the United 
States, lime could be manufactured in a Hoffmann kiln at about 
$2 per ton, or between one-fourth and one-fifth of its present 
cost to consumers. 

The details of cost may be liberally stated as follows : 

Cost of qnarry and plant $20,000. 
Annual yield of kiln 20,000 tons. 
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Coat per ion. 

Interest on investment $0 07 

Quarrying 66 

Setting in kiln 20 

Drawing 15 

Burners' wages 15 

Fuel 43 

Contingent expenses, 20 per cent 33 

Cost of making one ton of lime 1 98 

128. At Bieberich, on the Ehine, a Hoffmann kiln is used for 
burning artificial Portland cement. The quantity of fuel con- 
sumed is 77 pounds to the cask of 410 pounds. The cement is 
of excellent quality. There is no chalk in the neighborhood, 
and hard limestone has to be used in its stead. 

129. The cost of manufacturing Portland cement in Germany, 
all contingent expenses included, generally varies from $6 60 
to $6 70 (gold) per gross ton, and it is sold at a net profit of 40 
per cent, on the outlay. 

130. In the United States the cost would not vary greatly 
from $10 per gross ton, the works being located at the point 
of supply of the limestone, as follows : 

Estimated cost of making Portland cement in the United States by the dry process, 

using hnrd limestone and a Hoffmann Mln» 

Annual capacity of works, 30,000 barrels, or 6,000 tons. 

Interest on J40,000 investment $2,800 

9,000 tons raw limestone, delivered, at$l 50 13, 500 

2,800 tons clay, at $1 40 3,920 

1, 100 tons pea and dust coal, at $4 30 4,730 

Salary of superintendent 2, 000 

Salarv of foreman 1,200 

Thirty-eight laborers, at $45 per month, average 20, 520 

Two burners, at $75 per month 1, 800 

ContingiOncies and wear and tear, 20 per cent, on above, except the 

interest 9, 534 

Total cost of manufacturing 6,000 tons 60, 004 

Cost of manufacturing one ton $10 

This estimate is believed to be a liberal one. It shows that 
Portland cement can be manufactured in this country at a cost 
less by from 12 to 14 i>er cent, than the wholesale market price 
of Kosendale, omitting the cost of barrels in both cases. 

The Portland cement weighs 410 pounds and the Rosendale 
310 pounds to the barrel. 
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131. There are nearly six hundred Hoffmann kilns in operation 
in Europe, varying in size from the one above described, capa- 
ble of producing 20,000 tons of lime per annum, to kilns of 
one-eighth or even one- tenth of this capacity. Whether used 
for burning cement, lime, or brick, they give equal satisfaction, 
in respect to ease of management, economy of fuel, and uni- 
formity of results. 



MNSOME'S PATENT SIUOIOUS CONCRETE STONE. 

132. The process for making this stone followed at the pres- 
ent day was patented by Mr. Frederick Kansome, of London, 
in the year 1856. It rests upon sound scientific principles, and 
in practice consists in forming in the interstices of sand, or any 
pulverized stone, a hard and insoluble cementing substance or 
matrix, by the mutual decomposition of two chemical compounds 
in solution. 

The compounds employed are : Silicate of soda ("soluble 
glass," "liquor of flints," "flint soap"), and chloride of calcium. 

These when mixed together form, almost instantaneously, by 
mutual or double decomposition : Silicate of lime, and chloride 
of sodium (common salt). 

133. The value of the artificial stone thus produced depends 
upon the strength, hardness, and durability of the silicate of 
lime which binds the sand together. 

This is one of the compounds always formed during the set- 
ting of hydraulic limes and cements derived from the argilla- 
ceous and argillo-magnesian limestones, and upon which they 
largely depend for their value. 

134. The process followed in manufacturing Kansome's stone, 
although attended by considerable labor, is exceedingly simple 
in theory. The raw materials employed are principally sand, 
gravel, flints, chalk, limestone, caustic soda, chloride of calcium 
and water. The sand may be coarse or fine, or a mixture of 
both, depending on the fineness of texture aimed at. Pow- 
dered chalk or limestone is generally mixed with the sand when 
a smooth surface and fine grain are required. The silicate of 
soda, or " flint soap," is made by boiling and dissolving flints in 
a strong solution of caustic soda under pressure. 

In order to secure the best results, as well as for convenience 
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of manipulation, it should be of the consistency of molasses, 
although more tenacious, and possess a specific gravity of about 
1.7. To every bushel of sand about one gallon of the prepared 
silicate of soda is added, and the whole mass is then thoroughly 
mixed together in a mill, until it attains a putty-like semi-plastic 
condition, fit for ramming or compacting into moulds. 

With a suitable mill the mixing of each charge or batch re- 
quires but four or G.Ye minutes. 

The prepared material is then pressed into moulds of wood or 
metal, by suitable implements, or it may be rolled into slabs, 
when that form is required, as for roofs, pavements, etc. The 
slab as soon as formed, and before the process proceeds further, 
may be cut into pieces of any shape that shall adapt it to the 
use to which it is to be applied. 

When the material is once formed in moulds, it may be taken 
out immediately, and is not liable to warp or crack, or undergo 
any subsequent change of form. 

The moulded blocks are at once drenched with a solution of 
cold chloride of calcium, whiijh acts rapidly upon the silicate of 
soda, and hardens and solidifies the mass to that degree that it 
can be removed and handled without danger of breaking, during 
the subsequent steps of the process. They are then conveyed 
into cisterns containing a solution of chloride of calcium of about 
1.4 specific gravity, and a temperature of about 212° Fahr. In 
this bath the chemical action is completed, and results in the 
formation of an insoluble silicate of lime through the mass, en- 
veloping and cementing together the particles of sand, gravel, 
powdered limestone, etc., of which the block is composed. After 
the blocks have been saturated with the ho^i chloride of calcium, 
the completion of the process consists in washing away the 
chloride of sodium or common salt, evolved by the combination 
of the sodium with the chlorine. This is accomplished by 
thoroughly drenching the blocks with cold water for a longer or 
shorter time, depending on their size. The work is then finished 
and the block ready for immediate use. 

135. An essential condition of success is, that the bath of hot 
chloride of calcium shall be applied while the silicate is still 
moist, or, in other words, as soon as the material is moulded into 
form. When thus applied, the double decomposition takes 
place, nearly, if not quite uniformly, throughout the entire mass. 
The blocks may be as large as can be conveniently handled. Were 
the moulded blocks allowed to dry before the application of the 
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chloride, the pores at the surface would be closed with silicate of 
lime, and the further penetration of the solution thereby im- 
peded. 

136. It would appear impossible, in the absence of positive 
•knowledge to the contrary, that the chloride of sodium could be 
washed out from the interior of larged-sized blocks, by the most 
thorough and prolonged drenching with water; and admitting 
such result to be attainable, it would seem to prove the stone to 
be exceedingly porous. In practice, however, it has been found 
that the water does seek outlet, and carry off nearly all the salt 
in the form of brine, and that the stone becomes, in a few hours, 
as nearly impermeable to water as most of the varieties of natu- 
ral sandstones. 



PROPERTIES OF RANSOME'S SILICIOUS STONE. 

137. The porosity and the percentage of degradation from 
various causes, of the Eansome stone, and of several natural 
building stones, were ascertained in 1861 by Dr. Edward Frank- 
land, P. R. S., &c., &c., Professor of Chemistry at the Royal In- 
stitution, London. The specimens of the Ransome stone experi- 
mented on were two weeks old. 

The following is extracted from Dr. Franklaiid's report, dated 
December 21, 1861 : 

" I have submitted to experimental investigation samples of 
stone forwarded to this laboratory, and have now to report as 
follows : 

" The experiments were made in the following manner : The 
samples were cut as nearly as possible of the same size and 
shape, and were well brushed with a|.hard brush. Each sample was 
then thoroughly dried at 212°, weighed, partially immersed in 
water until saturated, and again weighed ; the porosity or ab- 
sorptive power of the stone was thus determined. 

" The sample was then boiled with water until all acid was re- 
moved, and again weighed. Finally it was dried at 212^, 
brushed with a hard brush, and the total degradation or loss 
since the first brushing was ascertained. The following numbers 
were obtained : 



76 



THE KANSOME STONE. 



Name of Stone. 


Poro.sity — Per- 
centage of M'ater 
absorbed by dry 
stone. 


Percentage alteration in weight by im- 
mersion in dilute acid. 


I'otal percentage 
loss by action of 
acid and subse- 
quent boiling in 
water. 


S bo 


1 

eS 
•OSS 




Of 1 per 
cent. acid. 


Of 2 
cent. 


! per 
acid. 


Of 4 per 
cent acid. 


^1 -si. 

5 2 -n'^ S 


Loss. ' Qain. 

1- - 

1 

1.28 .. 
2.13 ! -. 


Loss. 

2.82 
4.80 
4.00 


Gain. 

• • 

• • 

• • 


Loss. 1 Gain. 


s 
.26 


1^ ca 2 
h:3 2 


• 


Bath 


11.57 
9.86 
4.15 


2.05 • .. 
.67 .. 

.. ' 104 

1 


6.91 

11.73 

3.56 


617 




Caen 


1.60 
.29 


13.33 


Aubigny 


1.18 




3.85 




Portland. 


8.86 


1.60 




1.10 


• • 


1.35 .. 


3.94 


.24 


4.18 




Auston 


6.09 


3 52 




3.39 


• • 


3.11 .. 


11.11 


.27 


11.38 




Whitby 


8.41 
4.31 


1.07 
.75 




• • 


.53 
.60 


None. None. 
None. \ None. 


L26 

.98 


.18 
.15 


1.48 
1.13 




Hare Hill 




Park Spring ... 


4.15 


.71 




■ • 


.10 


1 
.15 1 .. 


.81 


None. 


.81 




Raosome'sPatent 


6.53 


• • 


.95 


None. 


None. 


None. None. 

1 


.63 


.31 


.94 





The results furnished by the foregoing table are so easy of in- 
terpretation, that Dr. Frankland's remarks thereon are omitted. 
Dr. Charles T. Jackson, State Assayer of Massachusetts, found 
the absorbent power for water of the Eansome stone, when 
treated first in vacuo, and then under atmospheric pressure 
under water, to be l^^^^^y per cent, as the mean of three trials. 
Another sample made under different circumstances, but treated 
similarly, absorbed 17 per cent, of water. He says the stone 
" is as firm as any sandstone used in this country, and possesses 
no more absorbent power." 

138. Strength. — Ransome's stone possesses, with a liberal 
factor of safety, ample strength to resist all the strains to which 
it would ordinarily be subjected as a building material. 

139. D. D. Ansted, Esq., F. R. S., Professor of Geology at 
King's College, London, submitted a paper at a meeting of the 
British Association, at Cambridge, in 1862, which furnishes the 
following extract : 

" The Transverse Strength. — A parallel bar of Ransome's con- 
crete stone, measuring 4 in. by 4 in., and resting upon iron 
frames so as to bear one inch on the iron at each end, with 16 
inches clear between the supports, sustained a weight suspended 
from the centre of 2,122 lbs. ; a bar of natural Portland stone of 
the same dimensions, treated similarly, broke at 759J lbs.'' 

Tensile Strength or Adhesive Power. — The tensile strength 
was determined by tests applied to pieces of stone, having a 
sectional area of 5| square inches at the weakest point, and 
suitably notched near the ends so as to be embraced by clamps. 
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The following results were obtained : 



Specimens of Stone Tested. 


Area of Cross Sec- 
tion. 


Total Tensile 
Strength of Block. 


Tensile Strength 
per square inch. 


1. Ransome's Patent Stone ; . . . 


5^ square inches 


1,980 lbs. 


360 lbs. 


2. Natural Portland Limestone 


6^ •• .1 


1,104 '* 


201 •» 


3. ** Bath Stone 


5^ " '• 


796 •* 


145 *' 


4. " Caen Stone 


5J " " 


768 •* 


140 ** 



A 4-inch cube of Ransome's stone was found to sustain a 
weight of 30 tons before it was crushed, equal to a strength to 
resist crushing of 4,200 lbs. to the square inch. 

Both the transverse and the tensile strength of the Ransome 
stone, given above by Professor Ansted, are much greater than 
the results obtained by Mr. G. M. Williams, of Hale Cliflf, Eng- 
land, from the same kind of stone manufactured by himself, and 
reported in a paper read at the meeting of the Liverpool Archi- 
tectural Society, December 27, 1865, as follows : 



STRENGTH OF RANSOME S PATENT CONCRETE STONE, 
MANUFACTURED BY G. M. WILLIAMS, OF HALE CLIFF, ENGLAND. 

140. " Comparative trials of the strength of the above stone, 
and of some of the natural stones in use for building in the 
Liverpool district, were made October ], 1864, at Hale ChflF, 
England, in presence of several of the architects of Liverpool 
and other gentlemen. 

" The blocks of stone used for testing the transverse strength 
were 4 inches square (in cross section) and 18 inches long, and 
were supported upon bars an inch from each end, giving a bear- 
ing of 16 inches, and the weight was applied to the centre. 

" The pieces used for testing the adhesive power (or tensile 
strength) were bars having a sectional area of 5 J square inches, 
with projections at the ends to allow of their being torn 
asunder. 

" The comparison between the natural and artificial stones, as 
to their power of absorbing water, showed that there was little 
difference, the artificial stone, made with coarse sand, taking up 
about the same quantity of water as the coarse-grained natural 
stone, and that made of the fine sand taking up about the same 
as the fine-grained natural stones. The water absorbed ranged 
from 12 J per cent, taken up by the coarse-grained stones, to 
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6J per cent, taken up by those of fine grain. The stones were 
all thoroughly dried before being placed in water." 



TKIALS OP TBAN8VEB8E 8TBEN6TH, SHOWING THE BREAKING "WEIGHTS. 



Red Sandntone, 
16 ins. clear, 


Stovrton, 

16 ins. clear, 

4"X4"- 


Minera, 

16 ins clear, 

4"x4". 


Freestone, 

kind unknown, 

16 ins. clear, 

4"X4". 


Patent Concrete, 
16 ins. clear, 
4"X4". 


10 cwt. 

This stone was from 

Woolton quarry, and 

has been exposed to 

the air for manyyears 


7 cwt. 

• • ■ • 


Coarse, 7 cwt. 
Fine, 8 *• 

• • • • 

• • • • 


12i cwt. 
12J ♦» 

• • • • 

• • • « 


12 cwt. 

15 ** 

12 »* 


Average 


6i 


7i 


12* 


in 



Two other blocks of a fine-grained heavy stone of the same 
dimensions, supposed to be from Yorkshire, broke at 17^ and 
21J cwt. 

On the 26th of November, 1864, a further number of blocks of 
concrete stone of the same size were tested, when the breaking 
weights ranged between 11 and 14 J cwt. Two similar blocks, 
made of sand, now (December, 1865) used at the Hale Cliff 
Works, were lately tested, and the breaking weight was 16 1 and 
17J cwt. 

Four blocks of concrete stone, of the same size, of the quahty 
prepared for filters, very open and porous, were tested, and the 
breaking weights were 9f , 9f , 9, and 11 cwt. 

TBIAIiS OF ADHESIVE POWEB OB TENSILE 8TBENGTH, SHOWING THE BB£A£ING 

WEIGHTS. 

SectUmal Area, 5 J Square Inches. 



Stourton, 
Under 3>i weight. 


Minera, 
Under 3>i cwt. 


Freestone, 
kindunkn'n. 


Rassome's Stonb. 


Total Strength. 


Tensile strength pr. sq.in. 


: 6i 

This was the smallest weight yi 
which the arrangement of the ^ 
machine admitted of applying, .... 
and on trial it was obvious 
that this was considerably! * * 
more than either stone would .... 
bear. , 

. • • • • 


4% cwt. 
9 " 
5 
5% " 

5h " 
7i '* 


87 lbs. 
183 ** 
102 " 
117 " 
117 " 
163 ** 


Average 




6J 


Over 6^ cwt 
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141. The age of the specimens of Ransome's stone above named 
is not given, from which it may be presumed that they were con- 
sidered to have attained the maximum strength. 

They possessed about the same crushing and tensile strength 
as beton Coignet of good quality, ten months old, or that of 
medium quality, suitable for plain walls, when twenty months 
old. 

Good beton Coignet ultimately attains nearly twice the crush- 
ing strength of the Ransome stone tested by Professor Ansted. 

142. An article in the London Engineering, for June 28, 1867, 
reports the trials of blocks of Ransome's stone and of Bath 
stone with the following results : 



8TBENOTH TO BESIST CBUSHINQ. 



Kinds of Stone Tested. 


Size of Blocks. 


Total Crushing 
Weight. 


Crushing Weight 
per square inch. 


1. Ransome's Concrete Stone 

2. Ransome's Concrete Stone. 

3. Bath Stone 


4'X4'X4' 
V X 4' X 4' 
4'X4'X4' 


48 tons. 
44 " 
14 " 


6,720 lbs. 
6,160 " 
1,960 " 





TENSILE 8TBENGTH, OB ADHESIVE POWEB. 





Area of Cross 
Section. 


Total Tensile 
strength of Block. 


Tensile Strength 
per square inch. 


1. Ransome's Concrete Stone. 

2. Ransome's Concrete Stone. 


2| square inches. 
2^ square inches. 


870 lbs. 
1,200 " 


386 lbs. 
633 " 



143. By a comparison of the foregoing tables made up from all 
the experiments known to have been published up to the present 
time, and assuming them to be trustworthy, it will be seen that 
the tensile strength of Ransome's stone is extremely variable, 
ranging from 97 pounds to 533 pounds to the square inch. Its 
strength to resist crushing, obtained with 4 -inch cubes, reaches 
as high for the best specimens as 6,720 pounds to the square 
inch, or about twelve times the tensile strength per inch of the 
same material. 

144. The crushing strength of the weakest specimens reported 
— that giving a tensile strength of 97 pounds to the inch — 
would probably not exceed 1,200 to 1,500 pounds to the inch on 
4-inch cubes. 

The crushing strength of beton Coignet of best quality, two 
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years old, reaches as high as 7,500 pounds to the square inch, 
while for ordinary qualities, suitable for foundations and massive 
walls, a lower standard of strength, and consequently a reduc- 
tion in the cost, is at the option of the builder, by increasing the 
proportion of sand. 

146. The crushing strength of the beton Coignet, used in the 
church at Vesinet, near Paris, was only 2,634 lbs. to the square 
inch, which was regarded as ample for the purpose. 

147. In making comparisons of strength it should be remem- 
bered that Ransome*s stone does not materially improve in 
strength and hardness after it is a few weeks old, while beton 
Coignet, and indeed all mixtures of hydraulic cement or hydrau- 
lic lime and sand, continue to indurate for a period of two to 
two and a half years, and require fully three months to acquire 
one-third of their greatest attainable strength. 

148. The Eangome stone, in consequence of the necessity for 
immersing the moulded blocks in a bath of hot chloride of cal- 
cium, is, of course, not adapted to monolithic construction, in 
which the beton Coignet finds its most advantageous applica- 
tion. The former, however, has this advantage, that the stone 
will bear transportation as soon as made, while the Coignet piece 
work must remain undisturbed for at least two days, even for 
small blocks, and a longer period for larger ones. 

149. The labor expended in the making, costs much more than 
that required for beton Coignet, even in blocks. The measuring, 
mixing, and moulding into form, of the materials, and the re- 
moval of the block from the mould, are operations necessarily 
common to the two processes; but that of Coignet is completed 
here, while by Eansome's the moulded work must next be 
drenched with the cold chloridfe, then placed in a hot chloride 
bath, and subsequently removed therefrom and drenched with 
water before the stone is finished. 

150. The Bansome stone is adapted to many descriptions of 
architectural embellishment, such as cornices, capitals, door and 
window dressings, copings, balusters, finials, &c. ; for garden de- 
corations, such as fountains, vases, statues, gate piers, balus- 
trades, borders, &c.; for steps, pavements, grindstones, slabs, 
tiles, &c. ; for monuments, tombs, gravestones, and other cemetery 
requirements. 

151. The " Patent Concrete Stone Company," operating, the 
Ransome process, have extensive works at East Greenwich, near 
London, where work of almost any pattern can be procured. 
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Tf h.e manufacture of grindstones has become a very important 
branch of the business ; 19 different sizes are made, ranging 
from 1 foot to 6 feet in diameter, and from 2 inches to 12 inches 
in thickness. The retail prices vary from 70 cents gold, for a 
stone 12 inches diameter and 2 inches thick, to $16^^% gold, for 
a stone 6 feet in diameter and 1 foot thick, equal to about $2y^^^ 
per cubic foot, with an extra charge in all cases for packing. 
The medium sizes sell for about $2.00 per cubic foot. These 
grindstones, being perfectly uniform in hardness, and homoge- 
neous in structure, have been found to be greatly superior to those 
made from the best natural sandstones of England. They pos- 
sess the additional advantage, that by a judicious selection of the 
sand of which they are made, their grain and texture can be 
specially adapted to any particular class of work. 

152. Competitive trials of Mr. Ransome's artificial grindstones 
and natural Newcastle stones were made in England by Messrs. 
Ryan, Donkin & Co., early in 1867, with the following results : 

A bar of steel f in. in diameter, was placed in an iron tube 
containing a spiral spring, and the combination was then ar- 
liinged so that the end of the bar projecting from the one end of 
the tube barely touched one of the artificial stones, whilst the 
other end of the tube rested against a block of wood fixed to the 
grindstone frame. A piece of wood of known thickness was then 
introduced between the end of the tube and the fixed block, and 
the spiral spring being thus compressed, forced the piece of steel 
against the grindstone. The same bar of steel was afterwards 
applied in the same way, and under precisely the same pressure, 
to the Newcastle stone, and the times occupied in both cases in 
grinding away a certain weight of steel from the bar were accu- 
rately noted. 

The results were that a quarter of. an ounce of steel was ground 
from the bar by the artificial grindstone in sixteen minutes^ whilst 
to remove the same quantity by the Newcastle stone occupied 
eleven hours; and this, notwithstanding that the surface speed of 
the latter was more than 20 per cent greater. Taking the 20 per 
cent, greater speed of the Newcastle stone into account, it 
will be seen that the 11 hours run by it were equal to 13f hours 
at the same speed as the artificial stone, and the proportional 
times occupied by the two stones were thus as 16 minutes tol3f 
hours, or as 1 to 52 nearly ! 

153. The retail prices of Ransome's stone at the works, in 
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blocks containing from IJ to 3 cubic feet, according to the pub- 
lished price list are — 

For plain building blocks, ^1.50 gold, per cubic foot. 

For plain rastic coins with chamfered corners, $1.55 per cubic foot. 

For *' " with ornamented face, $1.70 to $1.85 " 

154. M. Coignet*8 price list shows that similar work is deliv- 
ered at his manufactory at St. Denis, for from 65 to 70 cents per 
cubic foot. Either Company would doubtless undertake large 
contracts at a reduction of perhaps 30 percent, on these prices, 
while massive monolithic constructions, to which the Ransome 
stone is not applicable, can be executed in France in beton Coig- 
net with a fair profit at from 25 to 30 cents per cubic foot. Stones 
for architectual and other kinds of embellishment, of course cost 
more than the prices above quoted, both at St. Denis and at 
Greenwich, depending on the degree of ornamentation required, 
and the kind of mould necessary to produce it, the most expen- 
sive work being that which requires plaster moulds in many 
pieces. 

155. Ransome's process for hardening and preserving 
stone, brick, etc. — Mr. Ransome has applied to the hardening 
and water-proofing of soft and porous stone, bricks, stucco, &c., 
the same principle upon which his manufacture of artificial stone 
rests for its novelty and value, and he employs the same chem- 
ical compounds in the one case as in the other. 

156. Inasmuch as no engineer or architect would, knowingly, 
construct in' stone or bricks of such inferior quality as to require 
the use of artificial means of preservation from decay, this hard- 
ening process finds its application limited to walls and buihlings 
already constructed. 

157. The process is described in general terms in paragraph 
600, Gillmore's Treatise on Limes, Hydraulic Cements and Mor- 
tars, and consists in first washing the stone thoroughly with a 
solution of silicate of soda, and afterwards with a solution of 
either the chloride of calcium or the chloride of barium. The 
calcium solution is in most general use. In order to insure suc- 
cess the following rules should be observed : 

1. The surface of the stone, &c., sljould first be thoroughly 
cleaned by the removal of any extraneous matter, and should 
also be perfectly dry before being operated on. 

2. The prepared silicate of soda should be diluted with water 
(soft or rain water where convenient), in such proportions as 
may be necessary to admit of its being absorbed' freely into the 
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structure of the stone or bricks, &c. If the material be of a very 
absorbent character, about an equal quantity of water will be 
found sufficient; but if of a close or dense texture about two 
parts of water, or in some cases even three parts of water should 
be mixed with one of silicate. 

The prepared silicate, diluted as above, should be applied 
freely, but evenly, by means of a brush, to the surface of the 
stone, &c., and when properly absorbed, the operation should 
be repeated until the stone, &c., is thoroughly charged ; but 
care must be taken not to allow any excess of silicate to remain 
upon the face when dry. 

3. After a day or two when the sihcate has become perfectly dry 
the prepared chloride of calcium should be applied freely (but 
brushed on lightly), so as to be absorbed with the silicate in the 
structure of the stone, when a double decomposition will immedi- 
ately take place, and an insoluble silicate of lime will be precipi- 
tated, filling up the pores of the stone or other material, and 
firmly aggregating and cementing together the various particles 
of which the same may be composed. 

4. In some cases it may be desirable to repeat the operation, 
and as the precipitate thus formed by these two solutions is white 
or colorless, in the second dressing the prepared calcium should 
be tinted to produce a precipitate to harmonize with the natural 
color of the stone. 

158. The wholesale price of silicate of soda, in London, is 
about $1.37| per gallon, gold, and of chloride of calcium $1.12| 
per gallon. The tinting solutions cost from 85 to 90 cents per 
pint. 

159. This preserving process has been applied to quite a 
number of buildings, as well as to monuments, tombstones, &c., 
in England and the East Indies, and although its success has not 
in all cases been so decided as to command uniform approval, it 
is very generally admitted, by those familiar with its use and 
history, to be a valuable invention. No soft and porous stone 
can be properly treated by it without positive benefit. It hard- 
ens and strengthens the stone, renders it more nearly impervi- 
ous to water, and does not occasion unsightly effervescence upon 
the surface if properly applied. 

160. Its power of rendering brick walls practically waterproof, 
gives it great value in localities destitute of low-priced building 
stone. 
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THE FREAR ARTIFICIAL STONE. 

161. In 1868 Letters Patent were issued' in the United States 
to Mr. George A. Frear for " Improvement in composition for 
artificial stone, stucco, &c." 

162. The only peculiar feature claimed for Mr. Frear's process 
is the use of gum shellac for increasing the strength and hard- 
ness of the artificial stone, stucco, etc., to which it is added. 

In its application to artificial stone the shellac is added to a 
mixture of hydraulic cement and sand in the following- manner : 

163. The cement is incorporated with the sand while dry in 
such proportions as shall completely fill the voids — say one 
measure of cement, not compacted, with two and a half measures 
of sand — and the mixture is then moistened with a solution ob- 
tained by dissolving one pound of gum shellac in two to four 
ounces of concentrated alkali in aqueous solution. 

This is diluted with water to that degree that about one ounce 
of the shellac is distributed through the cement and sand used 
in making one cubic foot of the stone. The dampened mixture, 
after thorough incorporation, is placed in strong moulds of the 
required form, and subjected to heavy pressure by machinery. 
The amount of pressure varies from fifteen to twenty-five tons 
per block, depending on the size of the latter. 

On being taken from the mould, which may be done at pnce, 
the block of stone is allowed to dry two or three days, and is 
then dampened and exposed to the atmosphere, where the hard- 
ening process goes on. Ordinary blocks, such as sills, steps, &c., 
may be used in two or three weeks. 

164. The pressing machines designed by Mr. Frear are of 
three sizes, as follows : 

No. 1 will press a stone 12" X 28" X 6'' in size, equal to 31 J 
bricks. It will also press six bricks at a time, each 4" X ^" X 
12", designed to lay a solid wall one foot thick, or by laying them 
six inches to the weather, a double or hollow wall, one foot thick, 
can be made, leaving the inside face in suitable condition to 
receive the hard finish, without the first and coarse coat of 
plaster. 

This machine, with four hands, will, it is claimed, press an 
amount of stone equal in quantity to from 10,000 to 12,000 
common bricks per day. The price of this machine, delivered 
for shipment, is $300. 
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No. 2 will press a stone measuring 6'' X 1^" X 22", and No. 
3 one 6'' X 4'' X 28." 

165. The Company engaged in manufacturing stone under the 
Frear patent publish the following report from the Inspector of 
Ordnance in the Washington Navy Yard, as testimony regarding 
the strength and value of their stone : 



" Ordnance Office, Navy Yard, 

Washington, D. C, March 10th, 1869. 
" The following are the results of a test of building material 
presented by Mr. Charles Holland, of Chicago, through Mr. David 
A. Burr, and called by him Frear stone: 

Height Base. Depth. 

Cube 1.27 in. X 1.30 in. X 1.29 in. 

Compression. Strength. 

Iin270 3001bs. 

1 " 270 1,000 " 

1 " 270 2,000 " 

1 "265 3,000 ** 

1 *' 265 4,000 " 

1 " 265 5,000 " 

1 ** 265 6,000 ** 

Crushed 6,050 '* 

" The specimen is not an exact cube, as is seen above. The 

measurements indicate the position of the stone in the machine 

when crushed. 

" (Signed) W. E. Keese, 

" Commander U, S. Navy, 

" Inspector of Ordnance" 

The results recorded in Commander Keese's report give a 
crushing strength of 3,607 lbs. to the square inch. This is less 
than one-half the strength of the best beton Coignet, tried at Paris, 
in July, 1864, by Mr. P. Michelot, Chief Engineer in the Ponts 
et Chaussees, which gave a crushing strength of 7,495 pounds to 
the square inch, while fourteen different qualities of beton tested 
by the same officer, at the same time, gave an average crushing 
strength of 4,670 pounds to the square inch. 

166. Several two inch cubes tested by the writer in the pres- 
ence of Mr. Frear, in April, 1871, gave the results recorded be- 
low. 

The composition of the blocks, as reported by Mr. Frear, was 
one measure of hydraulic cement, two and a-half measures of 
sand, moistened with an alkaline solution of gum shellac, of 
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sufficient strength to furnish one ounce of the shellac to one 
cubic foot of the finished stone. Portland cement was used in 
Nos. 1, 2, and 3, and Louisville cement in No. 4. The ages of 
the stone are those reported by Mr. Frear. 

No. 1. 2 inch cabe, four weeks old, crashed at 18,000 Ibs^ or 4,500 lbs. per square inch. 

No. 2. 2 inch cube, " " 18,500 " 4,626 " " " 

. No. 8. 2 inch cube, three weeks old, crushed at 9,000 " 2,250 " " 

J No. 4. 2 inch cube, six months old " 8,000 " 2,000 " 



(( It 



A four-inch cube, of the same composition and age as Nos. 1 
and 2, sustained 57,000 lbs., equal to 3,562^ lbs. to the superficial 
inch under compression, and was not crushed. 

167. Some of the Frear stone used in the construction of 
dwelling-houses, in Chicago and other Western localities, has 
not thoroughly withstood the effects of the climate. The failures 
are not represented as numerous, and are by no means fatal in 
either extent or character, and may have been due to the use of 
inferior native cement. The cement, however, to which preference 
has generally been given, is that manufactured at Louisville, 
Kentucky, which, although generally somewhat inferior to the 
Rosendale brands, stands above the average of native varieties. 

No Portland cement has been employed in making Frear 
stone in the West. It is superior to all others for this purpose. 

The introduction of gum shellac undoubtedly adds to the 
strength of any mixture of hydraulic cement and sand, while 
that mixture is yet new, or only a few months old ; but whether 
it will tend to augment the strength and hardness acquired by 
age, particularly when Portland cement supplies the matrix, is 
certainly questionable. 

Portland cement and sand alone, when properly mixed to- 
gether with a small quantity of water, in proportions that 
shall leave no voids, make a good artificial stone, without the 
addition of shellac. This is known as Portland stone, and is 
briefly described in paragraph 200. It is not protected by any 
patent. This stone, however, like the Frear, is comparatively 
expensive, in consequence of the large proportion of cement 
required to avoid porosity. The addition of common or 
hydraulic lime, under such conditions as shall, as far as our 
present knowledge extends, secure the best results, produces 
beton Coignet. 

The durability of gum shellac, when exposed to the weather* 
is by no means certain. It readily yields to the solvent action 
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of alkalies, and should be employed with caution in localities 
exposed to such influences. 

THE AMERICAN BUILDING BLOCK COMPANY'S ARTIFICIAL 

JSTONE. 

(the foster and van derburgh patent.) 

168. Foster's process consists in mixing together slaked 
lime and moist silicious sand, and then subjecting the mixture 
to great pressure in moulds, the moulded blocks being left to 
harden in the open air. Very little water is used, and the 
quantity of lime should not exceed what is required to coat each 
and every grain of sand, and fill up the voids in the compacted 
mass. 

The cementing material in this stone is principally silicate of 
lime, slowly developed upon the surface of each grain of sand in 
contact with the lime, aided to some extent by the induration of 
hydrate of lime, and the formation of the double hydrate and 
carbonate of lime upon the surface of the block, and to the 
depth penetrated by the air. 

The formation of the siHcate of lime is very greatly facilitated 
by the pressure to which the material is subjected, which 
diminishes the volume of voids, and the thickness of the lime 
coating, and renders the contact of the sand and lime more 
intimate. All the lime should be exhausted in coating the sand 
grains, to the end that it may all be converted into silicate. Any 
surplus remains more or less inert, and destitute of energy. 

169. By Van DerhurgKs process, which is an improvement 
upon Foster's, ground quick lime, instead of slaked lime, is mixed 
with the moist sand, thus utilizing the heat developed by slaking, 
before the mixture is moulded and pressed. 

Steam is also introduced into the loose mass to hasten the 
slaking, and the formation of the silicate of lime. 

170. Professor Horsford, late of Harvard College, Cambridge, 
Mass., in his report upon the patents under which the improved 
process claims protection, says : 

" Van Derburgh, by his process, as at present carried out in 
"practical working, intimately mixes j^neZj/ ^roarwi unslaked lime 
" with moist sand, in a close chamber, kept in constant agi- 
" tation. The affinity of the unslaked lime for water causes the 
"lime dust to adhere wherever it touches the surface of the 
" moist sand. Slaking instantly commences, and is aided by the 
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" introduction of steam into this confined space. Under these 
*' circumstances, the heat involved in slaking the lime, as well as 
** the heat due to the steam admitted to the interior of the con- 
" tinuously stirred and kneaded mixture, is brought to bear on 
" the silica, at the surface of the sand grains, in contact with the 
" moist hydrate of lime. After continuing in this condition for 
'* a suitable time, it is subjected to great pressure, imparted by 
" successive percussions in metallic moulds. The pressure re- 
" suits in a block, the surface of which rapidly becomes hard, 
" and the hardness gradually extends from the surface tow^ard 
" the heart of the mass." 

171. Professor Horsford analyzed samples of the Foster 
artificial building stone of various ages, the oldest of which has 
been for eleven years in a foundation wall. "This sample 
was nearly as hard as Connecticut sandstone,'' and was the only 
one in which all the lime was found " combined and rendered 
substantially insoluble." Others, only a few months old, were 
found equally hard at the surface, in consequence, doubtless, of 
the formation of the carbonate as well as the silicate of lime, but 
they were less firm in the interior. "A fresh fracture of a 
block several years old, shows a zone of peculiar shade, extend- 
ing from the outer surface toward the heart of the stone," 
marking the progress of certain chemical changes which accom- 
pany the indurating process, and illustrating its slow improve- 
ment by age. There is also a slow increase in the weight of the 
stone. 

172. The Van Derburgh stone hardens more rapidly than Fos- 
ter's, for the simple reason that when silica and quick-lime are 
brought together in the presence of moisture, heat is evolved, 
which in this case is increased and maintained by the introduction 
of steam, and it is well known that the formation of the silicate of 
lime is facilitated by heat. Moreover, the powder of quick-lime 
slaking in contact with the moist sand, as in the Van Derburgh 
process, becomes more homogeneously and uniformly dis- 
tributed as a coating to the sand grains than it could be in the 
Foster process by mechanical means alone, after having been 
rendered in a certain sense inert by previous slaking. 

Hence the Van Derburgh artificial stone has generally been 
found to be superior in strength, hardness, and homogeneity to 
stone of the same age made after the Foster patent. 

173. Both processes are, however, susceptible of very great im- 
provement in so far as they prescribe that the mixed materials 
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shall be compacted in the moulds by pressure, instead of by the 
superior method of tamping or ramming, as practised in 
making beton Coignet, and by the Union Stone Company, ope- 
rating under the Sorel patent ; for although Van Derburgh 
introduced tamping into his practice, it is not understood that he 
claims the right under his patents to employ that method of 
compacting the mixed materials. 

The tardy induration of the Van Derburgh and Foster stone, 
and indeed of all artificial stone into "which common lime enters 
as the only, or the principal source of the matrix or cementing 
medium, places them under great disadvantage when in com- 
petition with a stone having an energetic hydraulic lime or 
cement as its basis. 

174. The Van Derburgh building blocks were used in the con- 
struction of the Howard University and Hospital buildings at 
Washington, District of Columbia, in 1868-69. 

The blocks were of a uniform size, being ten inches long, five 
inches wide, and four inches deep, and weighed about eleven 
pounds each. They had a vertical air-chamber through the 
centre six inches long and one inch wide. 

175. A portion of the building fell down during the progress of 
construction, a circumstance which led to a careful examination 
of this artificial stone by experts appointed for that purpose. 

From the report of their trials furnished me by General O. O. 
Howard, the information contained in the following table has 
been condensed. It gives the crushing strength of the Van 
Derburgh building blocks taken from the Howard University 
Building and elsewhere. The trials were made under the super- 
intendence of Engineer Major W. K. King, U. S. Navy, at the 
Washington Navy Yard, D. C, in February, 1869. 
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PRACTICAL RESULTS. 

176. " l5^. It was found that the blocks increased in strength 
" according to their age at the rate of about 1,000 pounds per 
month. 

" 2d. Three thousand pounds per block are called for by the 
*' actual pressure at the bottom of the first story of University. 

Capacity as tested, 19,500 pounds per block. 

Sd. Capacity of blocks in third or top story of University, 

13,000 pounds. 
4ih. Average capacity of blocks in the three stories, 17,666 
" pounds. 

" 5th, The blocks were tested between naked metallic plates 
" except in one instance, in a plaster bed between the plates 
" (plaster ^ of an inch). In this case 4,000 additional pounds 
" were obtained, viz., instead of 9,000 pounds as blocks of August, 

1868, bore in metal bed, the block of same age in plaster bed 

(which is their true condition in building) bore 13,000 pounds. 

" 6th, These experiments were without any side support to the 
"blocks. In buildings of 15 inch walls, two-thirds of the blocks are 
" supported on three sides, and one-third of them on all sides. 
"The Navy Yard experts, Mr. John Holroyd and Mr. Wm. H. 
" Bradley, who made the tests, were of opinion that the results 
" obtained would be doubled as to blocks in a solid wall." 

177. An additional series of five blocks of the same size and 
the same material, subjected to test at the Washington Navy 
Yard about the same time as those above recorded, furnished 
the following results, the blocks being crushed between metal 
plates, with a bed of plaster -J^ to J of an inch in thickness, inter- 
posed, in every case, above and below : 
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PRACTICAL RESULTS. 

178. " First. It was found that the plaster beds gave an in- 
" crease over previous tests, of 13,767| pounds per block. 

" Second. The average of the five blocks was more than ten 
" times the amount required at the bottom of the University 
''walls (3,000 pounds), and nearly sixteen times the amount re- 
" quired at the bottom of the Hospital walls (2,000 pounds). 

" Third. The average of the two Hospital blocks was 35,500 
"pounds, or about eighteen times the actual pressure of the 

" building." 

■ 

REMARKS. 

179. First. Size of blocks 10" long, 5" wide, 4:" deep. Area 
under compression, omitting air-chamber, 44 square inches. 

Second. The weakest block crushed at 7,600 pounds (4 months 
old). The strongest block crushed at 64,000 pounds (10 years 
old). Average crushing strength of all the blocks, 24,231 pounds- 
Average crushing strength of blocks known to be between one 
and two years old, 17,953 pounds. 

Third. By dividing the total crushing strength of block by the 
area in square inches on the top surface, we get what it is 
customary to call the crushing strength per square inch, 
although the results thus obtained exceed the crushing strength 
of a one-inch cube of the material, and the larger the block is 
on the top the greater will this excess be, on account of the 
lateral support which the central portion of the block receives 
from the material surrounding it. Making the reduction in this 
manner, however, as was done for the other tables in the work, 
the following results are obtained : 

Crushing strength per square inch of weakest block, 173 pounds. 

Crushing strength per square inch of strongest block, 1,455 pounds. 

Average crushing strength per square inch of the twenty-one blocks, 551 pounds. 

THE UNION STONE COMPANY, BOSTON. 

180. The Sorel Process. — It was stated in the Report on Beton 
Agglomere, paragraph 15, that " as a rule all hydraulic cements 
produced at a low heat, whether derived from argillaceous or 
argillo-magnesian limestones, are light in weight and quick set- 
ting," and are inferior for mortar or beton, to Portland cement 
or good hydraulic lime. The argillaceous and argillo-magnesian 
limestones here referred to, belong to that class which furnish 
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cements in virtue of the compounds of lime formed in tlie kiln, 
as indicated in paragraph 17. These compounds are not formed 
until after carbonate of lime is reduced to quick-lime. The ce- 
ment derived from magnesite, at a low heat, does not come 
within the class above named, as the stone is neither argillaceous 
nor argillo-magnesian. 

181. The hydraulic properties, when properly burnt, of many 
of the varieties of dolomitic limestones, became theoretically 
known many years ago, but the utilization of this knowledge, so 
as to render it of practical value in the builder's art, is of quite 
recent date. Carbonate of magnesia parts with its carbonic 
acid, and is converted into oxide of magnesium, at a temperature 
of from 300° to 400° Centigrade, or below that which produces 
a dark cherry red. The production of lime, or oxide of calcium, 
requires a heat of greater intensity. It is practicable to burn a 
magnesium limestone so as to convert the carbonate of mag^nesia 
into oxide of magnesium, while the bulk of the lime remains a 
carbonate. 

182. A paste made from dolomite, calcined below a cherry 
red heat and then reduced to powder by grinding, forms under 
water an artificial stone of considerable hardness. If the heat, 
however, be sufficiently intense to reduce the carbonate of lime 
also — say above 400° Centigrade — thus forming quick-lime, the 
addition of water causes slaking, and the hydraulic energy is 
destroyed or impaired by the presence of hydrate of lime. 

183. Any magnesian limestone containing as high as 60 
per cent, of carbonate of magnesia, may be presumed to be 
capable of yielding a good hydraulic cement if properly burnt. 
In the process of burning, however, great care is required. The 
temperature must be increased slowly to a dark cherry red heat, 
and maintained there until the carbonic acid is expelled from the 
magnesia. The lime remains in the form of carbonate. The 
burnt product must then be reduced to an impalpable powder, 
in order to fully develop its hydraulic energy. 

Magnesia obtained by calcining the chloride below a red heat, 
also exhibits remarkable hydraulicity, while the product result- 
ing from a white heat is nearly destitute of this property. 

184. M. Sorel's Discovery. — M. Sorel, an eminent French 
chemist, discovered the oxychloride of magnesium to be a hy- 
draulic cement of great strength and hardness. This cement is 
the basis of the artificial stone manufactured by the "Union 
Stone Company," and is produced or formed by adding a solu- 
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tion of chloride of magnesium, of the proper strength and in the 
proper proportions, to the oxide of magnesium obtained by cal- 
cining ca\'bonate of magnesia, or magnesite, 

185. The several steps in the process, beginning with the raw 
magnesite, are briefly as follows, viz. : — 

First — The magnesite is burnt in ordinary lime-kilns, at a dark 
cherry red heat, for about 24 hours. The result is protoxide of 
magnesium, which is next ground to fine powder between hori- 
zontal mill-stones, furnishing what the Union Stone Company 
style, " Union Cement." 

Magnesite has been procured from various localities. That 
from Greece, California, Maryland, and Pennsylvania, contains 
about 95 per cent, of carbonate of magnesia, the residue being 
mostly insoluble silicious matter. The burnt product is perfectly 
white. 

A magnesite is procured in Canada, which contains from 
60 to 85 per cent, of carbonate of magnesia. A variable per- 
centage of iron in the residue, gives the cement derived from this 
stone a reddish tint. The reports of State Geological Surveys 
indicate that magnesite exists in numerous localities in the United 
States. 

Second. — For making stone, the burnt and ground magnesite 
(oxide of magnesium) is mixed dry in the proper proportion 
with the material to be united, that is, with powdered marble, 
quartz, emery, silicious sand, soapstone, or with whatever sub- 
stance forms the basis of the stone to be imitated or reproduced. 

The usual proportions are for emery-wheels 10 to 15 per cent* 
of oxide of magnesium, by weight, for building blocks such as 
sills, lintels, steps, &c., 6 to 10 per cent., and for common work 
for thick walls, less than 5 per cent. 

The dry ingredients are mixed together by hand or in a milL 
A hollow cylinder revolving slowly about its axis would answer 
the purpose. 

Third. — ^After this mixing they are moistened with chloride of 
magnesium, for which bittern water — ^the usual refuse of sea- 
side salt works— is a cheap and suitable substitute. The moist- 
ened material is then passed through a mill, which subjects it to 
a kind of trituration, by which each grain of sand, or other solid 
material, becomes entirely coated over with a thin film of the 
cement, formed by a combination of the ^hloride with the oxide 
of magnesium. The bittern water is required to be of the density 
of from 16'' to 30° Baume. The mass on emerging from the 
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mill should be about as moist as moulder's clay. The mixing 
machine used by the " Union Stone Company," is an iraproved 
pug mill invented by Mr. Josiah S. Elliott. It is represented as 
an excellent mill, doing its work thoroughly. 

Fourth. — The mixture is formed into blocks by ramming' or 
tamping it in strong moulds of the required form, made of 
iron, wood, or plaster, precisely as described in paragxaph 24, 
Report on Beton Agglomere. 

186. The block may be taken out of the mould at once, and 
nothing further need be done to it. The setting is progressive 
and simultaneous throughout the mass, as with other hydraulic 
cements, and requires from one hour to one day, depending' 
somewhat on the chemical properties of the solid ingredients 
used, the carbonates as a rule requiring a longer time than the 
silicates. 

Building blocks will bear handling, and may be used when 
three or four days old, although they do not attain their maxi- 
mum strength and hardness for several months. 

Emery wheels are not allowed to be used in less than four 
weeks. 

187. This stone so closely resembles the natural stone, whether 
marble, soapstone, sandstone, &c., from which the solid ingre- 
dients are obtained by crushing and grinding, that it is difficult, 
without thd application of chemical tests, to detect any 
difference in either texture, color, or general lithological ap- 
pearance. 

STRENGTH. 

188. In strength and hardness, this stone greatly surpasses all 
other known artificial stones, and is equalled by few, if any, of 
the natural stones that are adapted to building purposes. 

The artificial marble takes a high degree of polish, being in 
this respect fully equal to the best Italian varieties. 

189. Some trials of 2-inch cubes at the Boston Navy Yard gave 
the following results, reduced to the crushing pressure upon one 
square inch : 

No. 1, crashing strength per square inch, 7187^ lbs. 
No. 2, ** " *» 11662^ " 

No. 3, •* ♦* »♦ 21562^ '* 

No. 4, " ** " 7343^ " 

In none of these samples did the proportion of the oxide of 
magnesium exceed 15 per cent, by weight of the inert materiai 
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cemented together. This statement is derived from the Treasur- 
er of the Company. 

The principal business of the Union Stone Company up to the 
present time, has been the manufacture of emery wheels. The 
great tensile strength of the material may be inferred from the 
fact, that in the proof trials, the wheels are made to revolve with 
a velocity of from 2 to 3 miles per minute at the circumference. 
They do not usually begin to break until a velocity of from 4 to 
5 miles per minute is attained. 

191. From a number of specimens of this stone furnished the 
"writer by the Treasurer of the Company, who also gave their age 
and composition as reported below, comprising coarse and fine 
sandstone of various shades of color, hones, white and variegated 
marble, emery wheels, billiard balls, concrete building blocks, &c., 
some small blocks were prepared and subjected to crushing with 
the following results. 
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THE SOREL ARTIFICIAL STONE. 93 

DURABILITY. 

192. The proofs of the durabihty of the Union stone rests upon 
other evidence than that furnished by severe and prolonged 
climatic exposure. In Boston, however, building blocks have 
resisted two winters, and at the present time appear to be, and 
doubtless are harder and stronger than before they were touched 
with frost. 

Dr. C. T. Jackson, State Assayer of Massachusetts, reports 

upon it as follows : 

I find that the frost test (saturated solution of sulphate of 
soda) has not the power of disintegrating it in the least. The 
trial was made by daily immersions of the fctone in the sulphate 

" of soda solution for a week, and allowing the solution to pene- 
trate the stone as much as possible and then to crystallize. 
From this test it is evident that your stone will withstand the 
action of frost more perfectly than any sandstone or ordinary 
building stone now in use. I see no reason why it wiU not 

" stand as well as granite." 

193. A perfect resistance to the freezing and thawing of one win- 
ter nmy safely be accepted as conclusive evidence of the durability 
in the open air, of an artificial stone of which the matrix is any 
kind of hydraulic cement. At no subsequent period will it be as 
likely to fail, from freezing and thawing, as during the first 
winter. 

194. A stone suitable for all kinds of building purposes on land 
might, however, fail under the solvent action of sea water. On 
this head it can be said that magnesian compounds are under- 
stood to resist the immersion in the sea better than the com- 
pounds of alumina or lime. 

COST. 

195.. Assuming that the magnesite, in the undeveloped ledge, 
costs no more than a bed of hydraulic cement stone, and that the 
facilities for working the quarry are equal in the two cases, the 
oxide of magnesium could be manufactured as cheaply as hy- 
draulic cement. There will be a tendency to this equality in price, 
as new beds of magnesite are discovered and made available, 
and the demand for this new cement increases. 

The process of manufacture is the same in both cases, that is, 
the stone has to be quarried, burnt, and ground; with this advan- 
tage in favor of the magnesite, that a less intense heat, and con- 
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sequently less fuel, is needed for its proper calcination than 
hydraulic cement requires. 

196. The " Union Stone Company" have fixed the selling price 
of their ground oxide of magnesium at ^yb cents per pound, 
which is eight times the wholesale market price of Rosendale 
cement in New York, and five times the price at which tlie best 
Portland cement may be imported by the cargo, inclusive of 
custom-house duties. The chloride of magnesium is another 
source of expense in the Sorel process; for although bittern water 
is a cheap substitute, and in the vicinity of sea-side salt worlds 
may be procured for little or nothing, its cost amounts to no 
inconsiderable item when it has to be transported to a distance. 

For these reasons, this new stone has, with some exceptions, 
been limited in its apphcation to articles of small bulk and great 
comparative value, for which other approved and less expensive 
artificial stone is either not suitable, or of less practical value. 
Although for architectural ornaments of elaborate design it is 
perhaps less costly, even now, than granite or marble, it cannot 
hope to compete successfully for general adoption and use by 
engineers and architects, with the beton agglome're, and the 
softer kinds of natural stone, until the market price of the oxide 
of magnesium is greatly reduced. For the peculiar purposes to 
which it is adapted, it supplies what has heretofore been felt as 
a great want, and in this field, which is neither narrow nor un- 
varied, it has no prominent rival. 

This subject is discussed with discriminating judgment in a 
report from which I make the following extract : 

{Extract frovi the Report of the Committee of the Middlesex Agri- 
cultural Society, Hon. Simon Brown, Chairman.) 



Union Stone Companys' Articles. — Building stones and 
bricks ; soapstone sinks and tubs without joints ; tiles, curb- 
stones, posts, emery wheels, grindstones, mantel pieces, &c., 
&c. This stone work is a new enterprise, and in the opinion 
of the Committee promises to become one of great general 
utility. The Committee learn that this Company has several 
" modes of manufacture, and have worked out and recorded more 
" than two thousand formulas, using in all cases the same cem- 
" entatious agent, magnesia, for which they have several Letters 
" Patent. The large stone upon which their goods were ex- 
" hibited, and upon which the spectators stood while examin- 
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ing them, was made upon the spot, of magnesian cement, pre- 
pared at the manufactory, and brought to the ground, where it 
was mixed and moistened with the earth and gravel found 
" there ! The whole mixture was then pounded down, and in 
" the course of a week was transformed into stone as hard as 
" granite ! ! The manufactured article partakes of the nature 
** and color of the mineral substance used. That is, broken soap- 
" stone is used to make soapstone, marble to make marble. The 
" amount of cement (magnesia) used is so small a proportion of 
" the whole mass as to make no perceptible change in color or 
" quality. 

" The Committee were greatly interested in the articles pre- 
" sented by this Company — such as beautiful soapstone stoves, 
" whetstones, hones, medallions, with a surface as smooth as 
" polished ivory, emery wheels, and numerous other articles of 
" value. It does not seem improbale to the Committee that this 
*■ device may be carried so far as to furnish coverings for build- 
'*ings, tile, walls, outside chimneys, and even underpinning, 
"where stones cannot be. had short of heavy cost of transporta- 
" tion." 

197. The following formula has been found suitable for window- 
caps, sills, steps, &c. The quantities specified will make one 
cubic foot of stone. 

100 pounds of beach sand, cost $1.00 per ton at the works. 05 

10 ** '* comminuted marble, cost $5.00 per ton at the works .02^ 

10 *• ** Union cement (oxide of magnesium) 50 

10 *' " chloride of magnesium in solution, 20"^ Baume 02 

130 pounds, yielding 1 cubic foot of moulded stone 59 i 

198. The labor, depending somewhat on the design as regards 
the degree and character of its ornamentation, will vary per 
cubic foot, from 20 cents to 25 cents, making total cost of one 
cubic foot of finished building block 79 J to 84 J cents. This 
price may be reduced 10 to 15 cents per cubic foot by incorpo- 
rating large pebbles and small cobble stones during the process 
of moulding. 

For foundations and other plain, massive walls, the propor- 
tion of cement may be very considerably reduced, and the quan- 
tity of cobble stones increased. 

199. The principal source of profit to the " Union Stone Com- 
pany" is doubtless the cement, of which they are presumed to 
have the monopoly. 
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If magnesite shall be found to be so plenty, and so generally 
distributed over the country, that the market price of the ce- 
ment (oxide of magnesium) shall not greatly exceed that of 
Portland cement, which is now about $1.00 per 100 pounds in 
New York, this new artificial stone will not be more expensive 
than the common concrete made with American cement, while 
its remarkable strength, and the ease and certainty with which 
any desired shade of color can be attained, adapts the former to 
very many uses for which the latter is not suitable. 

PORTLAND STONE. 

200. What is known under the name of Portland stone, is 
simply a mixture of Portland cement and sand, or both sand and 
gravel. It possesses, when properly made, the essentials of 
strength aud hardness, in an equal degree with b^ton Coignet, 
but is considerably more expensive, unless the cost is kept down 
by reducing the quantity of cement to that extent which renders 
the mixture weak and porous. 

Any of the methods of manipulation, by hand or machinery, 
described in the foregoing pages for beton Coignet, or for the 
Frear stone, will of course answer for Portland stone; that is, the 
cement, sand, and gravel are first thoroughly mixed up together, 
with a sufficient quantity of water to make a damp incoherent 
mass, and then rammed into the moulds for building blocks, or 
formed as monoliths. 

There are no patents protecting the use of Portland cement in 
this way. On the contrary, it seems questionable whether the 
manufacture of Portland stone by the method that shall produce 
the best results, that is, by using the smallest quantity of water 
that will suffice, is not more or less an infringement of some of 
the Coignet patents. 

GENERAL COMPARISON OF STRENGTH AND COST. 

201. Strength. — Arranged according to their crushing 
strength, the several kinds of artificial stone described in the 
foregoing pages, assume the following order, from the strongest 
to the weakest : 

1. The Sorel stone (Union Stone Company, Boston, Mass). 

2. B^ton Agglomer6 or Coignet-B^ton. 

3. The Ransome Silicious Concrete stone. 
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4 The Frear stone. 

5. The Portland stone. 

6. The Foster and Van Derburgh stone (American Building 

Block). 

The Sorel stone, in which the cement used is oxide of magne- 
sium, stands prominently in advance of all the other kinds of 
artificial stone, in strength and hardness. 

There is no marked difference between be ton Coignet and 
Ransome's stone in crushing strength, nor again between the 
Frear and the Portland stone, assuming that the alkaline solu- 
tion of gum shellac used in making the Frear is stable and 
enduring, and does not in process of time deteriorate, under the 
effect of alkalies and ammonias introduced from without. 

202. Cost. — If the several stones be arranged according to 
their estimated cost, for the same character and class of work, 
they will assume the following order, from the lowest to the 
highest : 

1. The Foster and Van Derburgh stone. 

2. Beton Agglomere. 

3. The Portland stone. 

4. The Frear stone. 

5. The Ransome stone. 

6. The Sorel stone. 

There is but little difference in cost between the Frear and 
the Portland stone, and that is due to the use of shellac in the 
former. Omit this, and pursue the same method of mixing for 
both, and the two become identical in composition, strength, 
and cost. 
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WILLIAMSON (R. S.) On the Use of the Barometer on Surveys 
and Reconnaissances. Part I. Meteorology in its Connection 
with Hypsometiy. Part IL Barometric Hypsometry. By R. S. 
Williamson, Bvt Lieut -Col. U. S. A., Major Corps of Engineers. 
With Illustrative Tables and Engravings. Paper No. 15, Professional 
Papers, Corps of Engineers, i vol., 4to. Cloth. $15. 

** San Fiujiaiioo, Cal., JW. ST, IWL 
** Gen. A. A. Humphsitb, Chief of Engineers, U. S. Army : 

** GBNXRAir-I have the honor to enbmit to you, in the following pages, the resnlts of my liih 
Testigations in meteorology and hypsometry, made with the view of ascertaining how Ihr tho 
harometer can be need as a reliable instrument for determining altitudes on extended lines of 
smnr^ and reconnaissances. These investigations have occupied the leisore permitted me from 
■U professional daties daring the last ten years, and I hope the resoits will be deemed of sofll- 
•MQt yahie to hare a place assigned them among the printed professional papers of the United 
States Oorps of Engineers. Yery raspectfliUy, yoor obedient serrant, 

**B. & WILLIAMSON, 
** Brt Lt-CoL U. 8. A., Mi^or Corps of U. 8. Boglnesn.** 

TUNNER (P.) A Treatise on Roll-Turning for the Manufacture of 
Iron. By Peter Tunner. Translated and adapted. By John B. 
Pearse, of the Pennsylvania Steel Works. With numerous engrav- 
ings and wood-cuts, i vol., 8vo., with i vol. folio of plates. Cloth. $ia 
SHAFFNER (T. P.) Telegraph Manual. A Complete Histoxy and 
Description of the Semaphoric, Electric, and Magnetic Telegraphs 
of Europe, Asia, and Africa, with 625 illustrations. By Tal, P. 
Shaffner, of Kentucky. New edition, i vol., 8vo. Cloth. 850pp. 
$6. 50. 

MINIFIE (WM.) Mechanical Drawing. A Text-Book of Geomet- 
rical Drawing for the use of Mechanics and Schools, in which 
the Definitions and Rules of Geometry are familiarly explained ; the 
Practical Problems are arranged, from the most simple to the more 
complex, and in their description technicalities are avoided as much 
as possible. With illustrations for Drawing Plans, Sections, and 
Elevations of Buildings and Machinery ; an Introduction to Isomet- 
rical Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over 200 diagrams engraved on steel. By Wm, 
MiNiFiE, Architect Seventh edition. With an Appendix on the 
Theory and Application of Colors, i vol., 8vo. Cloth. $4. 

*" It is the best work on Drawing that we have erer seen, and is especially a text-book of Geo- 
metrical Dnwing for the use of Mechanics and Schools. No young Mechanic, snch as a Ma- 
diinist, Engineer, Cabinet-Maker, Millwright, or Carpenter shoold be withoat \V^^£M«nt^/l4 
Ameriean. 

^ One of the most comprehenslye works of the kind ever published, and cannot bnt possess 
fteat yalae to bnilders. The style is at once elegant and substantial.**— iVniMy^voala Inquirer. 

** Whatever is said is rendered perfectly intelligible by remarkably well-executed diagrams on 
steel, leaving nothing for mere vague supposition ; and the addition of an introduction to Iso- 
netrical drawing, linear perspective, and the projection of shadows, winding up with a nseftU 
!ndex to technical terms."— (SSbugfOto Mechanics'' Journal. 

^9* The British ^«»vemment has authorized the use of this book In their schools of art at 
Somerset House, L«mdon, and throughout the kingdom. 

MINIFIE (WM.) Geometrical Drawing. Abridged from the octavo 
edition, for the use of Schools. Illustrated with 48 steel plates. 
Fifth edition, i vol., i2mo. Half roan. $1.50. 

** It is well adapted as a text-book of drawing to be used in our High Schools and Academies 
whefte th^ nseftil branch of the fine arts has been hitherto too much neglected.**— Am^oh Joum^ 



26 D. Van Nostrand's Publications. 

PEIRCE'S SYSTEM OF ANALYTIC MECHANICS. Physical 
and Celestial Mechanics, by Benjamin Peirce, Perkins Professor 
of Astronomy and Mathematics in Harvard University, and Con- 
sulting Astronomer of the American Ephemeris and Nautical Al- 
manac. Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, and Analytic Morphology, i vol., 
4to. Cloth. $io. 

GILLMORE. Practical Treatise on Limes, Hydraulic Cements, and 
Mortars. Papers on Practical Engineering, U. S. Engineer De- 
partment, No. 9, containing Reports of numerous experiments con- 
ducted in New York City, during the years 1858 to 1861, inclusive. 
By Q. A. GiLLMORE, Brig. -General U. S. Volunteers, and Major U. 
S. Corps of Engineers. With numerous illustrations. One volume, 
octavo. Cloth. $4. 

ROGERS (H. D.) Geology of Pennsylvania. A complete Scien- 
tific Treatise on the Coal Formations. By Henry D. Rogers, 
Geologist 3 vols., 4to., plates and maps. Boards. $30. oa 

BURGH (N. P.) Modem Marine Engineering, applied to Paddle 
and Screw Propulsion. Consisting of 36 colored plates, 259 
Practical Woodcut Illustrations, and 403 pages of Descriptive Matter, 
the whole being an exposition of the present practice of the follow- 
ing firms: Messrs. J. Penn & Sons; Messrs. Maudslay, Sons, & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie ; Messrs^ 
R. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. Ravenhill 
& Hodgson ; Messrs. Humphreys & Tenant ; Mr. J. T. Spencer^ 
and Messrs. Forrester & Co. By N. P. Burgh, Engineer. In one 
thick vol., 4to. Cloth. $30.00. Half morocco. $35.00. 

KING. Lessons and Practical Notes on Steam, the Steam-Engine, 
Propellers, Ac, &c., for Young Marine Engineers, Students^ 
and others. By the late W. R. King, U. S. N. Revised by Chie^ 
Engineer J. W. King, U. S. Navy. Ninth edition, enlarged. Svo. 
Cloth. $2. 

WARD. Steam for the Million. A Popular Treatise on Steam and 
its Application to the Useful Arts, especially to Navigation. By 
J. H. Ward, Commander U. S. Navy. New and revised edition. 
I vol., 8vo. Cloth. $1. 

WALKER. Screw Propulsion. Notes on Screw Propulsion, its 
Rise and History. By Capt W. H. Walker, U. & Navy. 1 
vol., Svo. Cloth. 75 cents. 

THE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges r Their Utility and Applicatiokk 
By Paul Stillman. New edition. 1 vol., i2mo. Flexible cloth. 
$1. 

I SHERWOOD. Engineering Precedents for Steam Machinery. Ar- 
ranged in the most practical and useful manner for Engineers. Bf 
B. F* IsHKRwooD, Civil Engineer U. S. Navy. With illustration* 
Two volumes in one. Svo. Cloth. $3. 50. 
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OOK'S METHOD OF COMPARING THE LINES AND 
DRAUGHTING VESSELS PROPELLED BY SAIL OR 
STEAM, including a Chapter on Laying off on the Mould-Lofl 
Floor. By Samuel M. Pook, Naval Constructor, i vol., 8vo. 
With illustrations. Cloth, $5. 

SWEET (S. H.) Special Report on Coal ; showing its Distribution, 
Classification and Cost delivered over different routes to various 
points in the State of New York, and the principal cities on the 
Atlantic Coast. By S. H. Sweet. With maps, i vol., 8vo. Cloth. 

ALEXANDER (J. H.) Universal Dictionary of Weights and Meas- 
ures, Ancient and Modem, reduced to the standards of the United 
States of America. By J. H. Alexander. New edition, i vol., 
8vo. Cloth. $3.50. 

** As a standard work of reference this book shoald be in every library; it is oue which we 
^ve long wanted, and it will save as mach troable and research."— <Sd«n<4/Ic Americaf^. 

CRAIG (B. F. ) Weights and Measures. An Account of the Deci- 
mal System, with Tables of Conversion for Commercial and Scien- 
tific Uses. By B. F. Craig, M. D. i vol., square 3 2 mo. Limp 
cloth. 50 cents. 

** The most lucid, accarate, and nseftal of aU the hand-books on this subject that we have yet 
seen. It gives forty-seven tables of comparison between the English and French denominationa 
of length, area, capacity, weight, and the centigrade and Fahrenheit thermometers, with clear 
Instructions how to use them ; and to this practical portion, which helps to make the transition 
s» easy as possible, is prefixed a scientific explanation of the errors in the metric system, and 
I10W they may be corrected in the laboratory."— i\ra/ion. 

BAUERMAN. Treatise on the Metallurgy of Iron, containing 
outlines of the History of Iron manufacture, methods of Assay, 
and analysis of Iron Ores, processes of manufacture of iron and 
Steel, etc., etc. By H. Bauerman. First American edition. Re- 
vised and enlarged, with an appendix on the Martin Process for 
making Steel, from the report of Abram S. Hewitt Illustrated 
with numerous wood engravings. i2mo. Cloth. $2.50. 

** This is an important addition to the stock of technical works published in this country. II 
-embodies the latest (kcts, discoveries, and processes connected with the manuflMtnre of Irni 
and steel, and should be in the hands of every person interested in the subject, as well aa in all 
technical and scientific libraries."— 5eri«n^4A0 Amerioan, 
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ARRISON. Mechanic's Tool Book, with practical rules and sug- 
gestions, for the use of Machinists, Iron Workers, and others. 
By W. B. Harrison, associate editor of the "American Artisan," 
Illustrated with 44 engravings. i2mo. Cloth. $2.50. 

** This work Is Hpecially adapted to meet the wanu of Machinists and workers in iron genei^ 
^y. It is made up of tlie work-day experience of an intellfJcent and ingenious mechanic wha 
had the Ihculty of adapting tools to various purposes. The practicability of his plans an4 suf* 
i{estions are made apparent even to the unpractised eye by a series of weU-execnted wo<i4 sei> 
^ravings/*— Philadelphia Inquirer. 
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PLYMPTON. The Blow-Pipe : A System of Instruction in its prao 
tical use, being a graduated course of Analysis for the use of 
students, and all those engaged in the Examination of Metallic 
Combinations. Second edition, with an appendix and a copious 
index. By George W. Plympton, of the Polytechnic Institute, 
Brooklyn. i2mo. Cloth. $2. 

** This maniud prolwblj hM no superior in the English language as a text-book for beglnnen* 
or as a gaide to the stndent working withoat a teacher. To the latter many illustrations of the 
Btensils and apparatus required in uoing the blow-pipe, as well as the fhlly illustrated descrl|^ 
tio9 of the blow-pipe flame, will be especially serviceable.**— iVSitd York Teachier. 

NUGENT. Treatise on Optics : or, Light and Sight, theoretically 
and practically treated ; with the application to Fine Art and In* 
dustrial Pursuits. By E. Nugent. With one hundred and three 
illustrations. i2mo. Cloth. I2. 

** This book is of a practical rather than a theoretical kind, and is designed to aflbrd aocnnit^ 
and complete information to all interested in applications of the science.**— iSoHtuI ToMs. 

SILVERSMITH (Julius). A Practical Hand-Book for Miners, Met- 
allurgists, and Assayers, comprising the most recent improvements^ 
in the disintegration, amalgamation, smelting, and parting of the- 
Precious Ores, with a Comprehensive Digest of the Mining Laws* 
Greatly augmented, revised, and corrected. By Julius Silversmith. 
Fourth edition. Profusely illustrated, i vol., 12 mo. Cloth. $3. 

C LOUGH. The Contractors' Manual and Builders' Price-Book. By^ 
A. B. Clough, Architect 1 vol., i8mo. Cloth. 75 cents. 

BRUNNOW. Spherical Astronomy. By F. Br^nnow, Ph. Dr. 
Translated by the Author from the Second German edition. ^ 
vol., 8vo. Cloth. $6.50. 

CHAUVENET (Prof. Wm.) New method of Correcting Lunar Dis- 
tances, and Improved Method of Finding the Error and Rate of a 
Chronometer, by equal altitudes. By Wm. Chauvenkt, LL.D. 1 
vol., 8vo. Cloth. $2. 
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SYNOPSIS OF BRITISH GAS LIGHTING, comprising the 
essence of the ** London Journal of Gas Lighting" from 1849 to 
1868. Arranged and executed by James R. Smedberg, C. E. of the 
San Francisco Gas Works. Issued only to subscribers. 4to. Cloth. 
$15.00 In press. 

AS WORKS OF LONDON. By Zerah Colburn. 12 mo. Boards. 
60 cents. 



HEWSON. Principles and Practice of Embanking Lands from 
River Floods, as applied to the Levees of the Mississippi. By 
William Hewson, Civil Engineer, i vol., 8vo. Cloth. $2. 

** This is a yalnable treatise on the principles and pnctice of embanking lands ftom river 

loods, as applied to Levees of the Missisuippi, by a highly intelligent and experienced engineer. 

The anthor says it is a first attempt to reduce to order and to rule the design, execution, and 

•measorement of the Levees of the Mississippi. It is a most nseiul and need^v, contribution ^ 

'.tontific )iien,ture.^*-~PMiadelpMa Evening JoumaL 
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WEISBACH (Julius). Principles of the Mechanics of Machiner> 
and Engineering. By Dr. Julius Weisbach, of Freiburg. 
Translated from the last German edition. Vol. i. 8vo, cloth. $io. 

HUNT (R. M.) Designs for the Gateways of the Southern Entrance* 
to the Central Park. By Richard M. Hunt. With a descrip- 
tion of the designs. I vol., 4to. Illustrated. Cloth. $5. 

PEET. Manual of Inorganic Chemistry for Students. By the late 
Dudley Peet, M. D. Revised and enlarged by Isaac Lewis Pekt, 
A. M. i8mo. Cloth. 75 cents. 

WHITNEY (J. P.) Colorado, in the United States of America. 
Schedule of Ores contributed by sundry persons to the Paris 
Universal Exposition of 1867, with some Information about the 
Region and its Resources. By J. P. Whitney, of Boston, Com- 
missioner from the Territory. Pamphlet 8vo., with maps. Lon- 
don, 1867. 25 cents. 

WHITNEY (J. P.) Silver Mining Regions of Colorado, with some 
account of the different processes now being introduced for 
working the Gold Ores of that Territory. By J. P. Whitney. 
i2mo. Paper. 25 cents. 

**This l8 a most valuable little book, contalninfc a vast amount of practical information aboalt 
ttiat region. It will be found oseftil to men of a scientific turn of mind, should they never co«* 
template a Journey to the region of silver and gioH.'^'^—Fatt JSiver Newt, 

SILVER DISTRICTS OF NEVADA. 8vo., with map. Paper. 
35 cents. 

McCORMICK (R. C.) Arizona : Its Resources and Prospects. 
By Hon. R. C. McCormick. With map. 8vo. Paper. 25 cents* 

PETERS. Notes on the Origin, Nature, Prevention, and Treatment 
of Asiatic Cholera. By John C. Peters, M. D. Second edition* 
With an appendix and map. i2mo. Cloth. $1.50. 

SEYMOUR, Western Incidents connected with the Union Pacific 
Railroad. By Silas Seymour. 12 mo. Cloth. $1. 

EULOGIES IN MEMORY OF MAJ.-GEN. JAMES S. WADS- 
WORTH AND COL. PETER A. PORTER, before the « Cen-^ 
tury Association." Tinted paper. 8vo. Paper. $1. 

PALMER. Antarctic Mariners' Song. By James Croxall Palmer, 
U. S. N. Illustrated. Cloth, gilt, bevelled boards. $3. 
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The poem is founded npon and narrates the episodes of the explorin;^ expedition of a smalls 
failing vessel, the * Flying Fish/ in company with the ' Peacock/ in the South Seas, in 1838- 
iA, The * Flying Fish^ was too small to be safe or comfortable In that Antarctic region, al- 
tliongh we find in the poem but little of complaint or murmuring at the hardships the sailora 
irere compelled to vmCxaeJ'^—AUieTUXum, 
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[FRENCH'S ETHICS. Practical Ethics. By Rev. J. W. French, 

D. D., Professor of Ethics, U. S. Military Academy. Prepared foi 

the Ufa of Students in the Military Academy, i vol. 8vo. Cloth. 

$4.5^ 
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AUCHINCLOSS. Application of the Slide Valve and Link Motion 
to Stationary, Portable, Locomotive, and Marine Engines, with new 
and simple methods for proportioning the parts. By William S. 
AucHiNCLOSS, Civil and Mechanical Engineer. Designed as a hand- 
book for Mechanical Engineers, Master Mechanics, Draughtsmen, and 
Istudents of Steam Engineering. All dimensions of the valve are 
found with the greatest ease by means of a Printed Scale, and propor- 
tions of the link determined wiihout the assistance of a model. Ilhis- 
trated by 37 woodcuts and 21 lithographic plates, together with a cop- 
perplate engraving of the Travel Scale, i vol. 8vo. Cloth. $3. 

H UMBER'S STRAINS IN GIRDERS. A Handy Book for the 
Calculation of Strains in Girders and Similar Structures, and their 
Strength, consisting of Formulae and Corresponding Diagrams, with 
numerous details for practical application. By William Humber. 
I vol. i8mo. Fully illustrated. Cloth. $2.50. 

GLYNN ON THE POWER OF WATER, as applied to drive Floor 
Mills, and to give motion to Turbines and other Hydrostatic En* 
gines. By Joseph Glynn, F. R. S. Third edition, revised and en* 
larged, with numerous illustrations. 12 mo. Cloth. $1.25. 

HOW TO BECOME A SUCCESSFUL ENGINEER ; being Hinti 
to Youths intending to adopt the Profession. By Bernard 
Stuart. Fourth edition. i8mo. Cloth. 75 cents. 

**F!irent8 and gnardians, with youths nnder their charge destined for the profession, as wel 
«s youths themselves who intend to adopt it, will do well to study and obey the plain cnrrico' 
lum in this little book. Its doctrine will, we hesitate not to say, if practised, tend to flU the 
ranks of the profession with men conscious of the heavy responsibilities placed In theb 
«harge."~iya6<i0a; Mecfuxr^^i Journal. 

TREATISE ON ORE DEPOSITS. By Bernhard Von Cotta, 
Professor of Geology in the Royal School of Mines, Freidberg, 
Saxony. Translated from the second German edition, by Frederici 
Prime, Jr. , Mining Engineer, and revised by the author, with numer- 
ous illustrations, i vol. 8vo. Cloth, $4. 

A TREATISE ON THE RICHARDS STEAM-ENGINE INDICA- 
TOR, with directions for its use. By Charles T. Porter. 
Revised, with notes and large additions as developed by American 
Practice, with an Appendix containing useful formulae and rules for 
Engineers. By F. W. Bacon, M. E., member of the American 
Society of Civil Engineers. 12 mo. Illustrated. Cloth. $1 

A COMPENDIOUS MANUAL OF QUALITATIVE CHEMICAL 
ANALYSIS. By Chas. W. Eliot, and Frank H. Storer, Proft. 
of Chemistry in the Massachusetts Institute of Technology. I2ma 
Illustrated. Clo. $1.50. 

INVES riGATIONS OF FORMULAS, for the Strength of the Iron 
Parts of Steam Machinery. By J. D. Van Buren, Jr., C E. i 
voL 8vo. Illustrated. Cloth, ta. 
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THE MECHANICS AND STUDENTS GUIDE in the Designing 
and Construction of General Machine Gearing, as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Rectilineal and 
Curved Surfaces ; with Practical Rules and Details. Edited bj 
Francis Herbert Joynson. Illustrated with i8 folded plates. 8vo. 
Cloth. $2.00. 

**The aim of this work li to be a gnlde to mechanics in the designing and constractios 
«f general machine-gearing. This design it well fhlflls, being plainly aLd sensibly written, and 
iproAisely illastratod."— <8temtoy Timet. 

FREE-HAND DRAWING • a Guide to Ornamental, Figure, and 
Landscape Drawing. By an Art Student i8mo. Cloth. 
75 cents. 

THE EARTH'S CRUST : a Handy Outline of Geology. By David 
Page. Fourth edition. i8mo. Cloth. 75 cents. 

** Snch a work as this was mnch wanted--a work giving in clear and intelligible oaUine tbM 
leading fkcts of the science, without amplification or irksome details. It is admirable is 
arrangement, and clear and easy, and, at the same time, forcible in style. It will lead, we hopc^ 
•to the introdnction of Geology into many schools that have neither time nor room for the stadf 
•f large treatifes."^7!IU Mtueum, 

HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, with Descriptions of some of the Apparatus. By 
Robert Sabine, C E. Second edition, with additions. . i2ino. 
Cloth. $1.75. 

IRON TRUSS BRIDGES FOR RAILROADS. The Method of 
'Calculating Strains in Trusses, with a careful comparison of th« 
most prominent Trusses, in reference to economy in combination, etc> 
etc. By Brevet Colonel William E. Merrill, U. S. A., Major 
Corps of Engineers. With illustrations. 4to. Cloth. $5.00. 

USEFUL INFORMATION FOR RAILWAY MEN. Compiled 
by W. G. Hamilton, Engineer. Second edition, revised and 
enlarged. 570 pages. Pocket form. Morocco, gilt $2.00. 

REPORT ON MACHINERY AND PROCESSES OF THE IN. 
DUSTRIAL ARTS AND APPARATUS, OF THE EXACT 
SCIENCES. By F. A. P. Barnard, LL. D.— Paris Universal Ex- 
position, 1867. I vol., 8vo. Cloth. $5.00. 

THE METALS USED IN CONSTRUCTION : Iron. Steel, Bessemei 
Metal, etc., etc. By Francis Herbert Joynson. Illustrated, 
i2mo. Cloth. 75 cents. 

'*ln the interests of practical science, we ere boand to notice this work ; and to those wht 
«rish Airther information, we should say, bny it ; and the outlay, we honestly believe, will kf* 
aonsidercd well ^penV^—ScierUifle Review, 

DICTIONARY OF MANUFACTURES, MINING. MACHINERY, 
AND THE INDUSTRIAL ARTS By George Dodd i2mo 
Cloth. $2.oa 
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SUBMARINE BLASTING in Boston Harbor, Massachusetts— 
Removal of Tower and Corwin Rocks. By John G. Foster^ 
U. S. A. Illustrated with 7 plates. 4to. Cloth. $3. 50. 

KIRKWOOD. Report on the Filtration of River Waters, for th« 
supply of Cities, as practised in Europe, made to the Board of 
Water Commissioners of the City of St. Louis. . By James P. Kirk* 
• WOOD. Illustrated by 30 double-plate engravings. 4to. Cloth. 
$i5.oa 

LECTURE NOTES ON PHYSICS. By Alfred M. Mayer^ 
Ph. D., Professor of Physics in the Lehigh University, i vol. 
8vo. Cloth. $2. 

THE PLANE TABLE, and its Uses in Topographical Surveying. 
From the Papers of the U. S. Coast Survey. Svo. Qoth. $2. 

FRENCH'S GRAMMAR. Pirt of a Course on Language. Pre- 
pared for Instruction in the U. S. Corps of Cadets, By Rev. J. W.. 
French, D. D., Professor of Ethics and English Studies in the 
United States Military Academy, West Point, i vol. i2mo. Cloth. 
$2.5a 

AGNEL. Elementary Tabular System of Instruction in French. 
Devised and arranged in practical form for the use of the Cadets 
of the U. S. Military Academy. By H. R. Agnel, Professor of 
French, i vol. 8vo. Cloth, flexible. $3.5a 

WILLIAMSON. Practical Tables in Meteorology and Hypspmetiy^ 
in connection with the use of the Barometer. By CoL R. S. 
Williamson, U. S. A. i vol. 4tO| flexible cloth. $2. 50. 

CULLEY. A Hand-Book of Practical Telegraphy. By R. S. Gullet. 
Engineer to the Electric and International Telegraph Company^ 
Fourth edition, revised and enlarged. Svo. Illustrated. Cloth« $5. 

POPE. Modem Practice of the Electric Telegraph. For Electricians 
and Operators. By Frank L. Pope. Illustrated. 8vx). Cloth. $1.50. 

GOUGE. New System of Ventilation, which has been thoroughly 
tested under the patronage of many distinguished persons. By 
Henry A. Gouge. Third edition, enlarged. With inany illustrations. 
8vo. Cloth. $2. 

PLATTNER'S BLOW-PIPE ANALYSIS. A Complete Guide to 
Qualitative and Quantitative Examinations with the Blow-Pipe. 
Revised and enlarged by Prof. Richter, Freiberg. Translated from the 
latest German edition by Henry B. Cornwall, A. M., E. M. In Press, 



